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EXECUTIVE SUMMARY 

This Technical Impracticability (TI) Waiver Demonstration report (Report) provides a technical 
justification for waiving certain groundwater Applicable or Relevant and Appropriate 
Requirements (ARARs) that were identified as drinking water criteria in the 1998 Record of 
Decision (ROD) issued for the former Koppers Co. National Priority List (NPL) site in 
Charleston, SC (Site). This Report specifically: 

(1) presents site-specific, technical support for why a groundwater TI waiver should be 
granted over a specific portion of the Site,  

(2) analyzes potential viable remedial alternatives and demonstrates that even if these 
viable remedial alternatives are implemented, the applicable ARARs for groundwater 
identified in the ROD will not be achieved within the next 100 years, and  

(3) proposes specific groundwater TI waiver zones within the Site.  

Like wood treating operations at other NPL sites, the former wood treating operations at the Site 
led to dense non-aqueous phase liquid (DNAPL) creosote and dissolved phase creosote 
impacts in shallow groundwater. These impacts are limited to three distinct areas of the Site, 
including two areas known as the Old Impoundment Area and the Northwest Corner, which are 
the subject of this Report.  

The 1998 ROD specifically recognized the potential technical impracticability of achieving 
drinking water-based Maximum Contaminants Levels (MCLs), which were identified as ARARs 
in the ROD.  However, USEPA postponed issuing a TI waiver of MCLs at that time to study the 
groundwater further and to consider possible remedial measures at the Site. Since then, the Old 
Impoundment Area and the Northwest Corner have been remediated and monitored 
extensively. These remedial efforts have included operation of a groundwater/DNAPL extraction 
system in the Old Impoundment Area and stabilization/solidification of the Northwest Corner 
DNAPL source area. Thirteen years of monitoring demonstrate that certain constituents 
continue to persist in groundwater above MCLs. Additionally, this Report demonstrates through 
extensive modeling that exceedances of MCLs within the Northwest Corner and the Old 
Impoundment Area will continue to persist for more than 100 years even if additional alternative 
remedial measures are implemented within these areas. Since MCLs must be achieved before 
the Old Impoundment Area and the Northwest Corner can be deleted from the NPL, the Old 
Impoundment Area and Northwest Corner will remain on the NPL for the foreseeable future 
absent the issuance of a groundwater TI waiver.  Figure ES-1 presents an overview of the Site, 
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including the  portions of the Site for proposed groundwater TI waiver zones and the areas 
proposed to remain on the NPL. 

In this instance, the Northwest Corner and the Old Impoundment Area remaining on the NPL 
has significant practical implications on the redevelopment and reuse of the Site and therefore 
the Charleston community.  The Site is a key component of a larger 200+ acre assemblage that 
the City of Charleston has supported, approved, and zoned for a mixed-use brownfield 
redevelopment project including: commercial/retail use, office use, residential use, hotel use, 
and civic and park space.  This redevelopment will include spending an additional $25 to $30 
million in further cleanup to make the Site consistent with the anticipated higher and better uses 
that will transform this blighted area of Charleston into a new mixed use community.  Additional 
proposed cleanup activities include implementation of the in-situ stabilization/solidification (ISS) 
of creosote DNAPL in the Old Impoundment Area as well as placement of a site-wide soil 
exposure barrier and replacement of the existing drainage ditches with a subterranean storm 
sewer system.  A consortium of regional and national developers plans to acquire and 
redevelop the entire 200+ acre assemblage, including the Site, provided the Site is eligible to 
participate in the 2008 South Carolina Brownfields/Voluntary Cleanup Program (Article 7 of the 
South Carolina Hazardous Waste Management Act).  However, the continued listing of the Old 
Impoundment Area and Northwest Corner on the NPL prevents the redevelopment from moving 
forward because NPL sites are ineligible to participate in the South Carolina 
Brownfields/Voluntary Cleanup Program (SC Code 44-56-730 (A)).   

Based on the analysis contained herein and to support the proposed remediation and 
redevelopment of the Site, it is recommended that USEPA waive the applicable groundwater 
ARARs within and surrounding the Old Impoundment Area and the Northwest Corner.  To date, 
USEPA has approved TI waivers at some 100 NPL sites, including many sites where 
groundwater cleanup to drinking water criteria was determined to be technically impracticable 
due to hydrogeologic and creosote or coal tar DNAPL conditions similar to those conditions at 
the Old Impoundment Area and Northwest Corner (USEPA, 2012) (see Section 11 for 
references cited throughout this document).   The proposed TI waiver described herein is 
consistent with many of these other NPL sites and is supported by the site-specific technical 
demonstration set forth herein. 

A Remedial Action Work Plan (RAWP) was submitted to USEPA and SC DHEC in March 2015.  
The RAWP was prepared to provide the basis for modification to two components of the in-
place ROD remedies, and thus proposes significant additional site remediation to facilitate 
redevelopment of the property as a mixed-use development. In addition to the proposed 
changes in remedy, institutional controls (ICs) and future potential engineering controls (ECs) 
that may be needed to facilitate the mixed use development are addressed in the RAWP. 
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Of particular significance with respect to this TI Waiver Demonstration is that the RAWP 
contemplates the stabilization/solidification of the Old Impoundment Area, which is the same 
remedy previously implemented in the Northwest Corner. 

The RAWP and TI Waiver Demonstration combine to provide the information needed to support 
USEPA issuance of a ROD Amendment to incorporate a waiver of the groundwater restoration 
ARARs within a specific portion of the Site’s shallow groundwater, an alternative remedial 
strategy, and eventual USEPA NPL partial deletion for the Site, such that further remediation 
and re-development can move forward under the South Carolina Brownfields/Voluntary 
Remediation Program. A remedy protective of human health and the environment for industrial 
use purposes has been implemented at the Site. The RAWP proposed a change in remedy in 
the identified Old Impoundment Area DNAPL source area and modifications/enhancements to 
the in-place soil cover remedy and drainage ditches. The proposed change to remedy and 
modifications/enhancements described in the RAWP will be implemented to meet the revised 
remedial action objectives for the site based on change in land use and will continue to maintain 
standards that protect human health and the environment.   

The applicability of a TI waiver for groundwater ARARs at the Site has been evaluated relative 
to three criteria categories specified in the USEPA Guidance for Evaluating the Technical 
Impracticability of Ground-Water Restoration (USEPA, 1993): hydrogeologic factors, 
contaminant-related factors, and technological factors.  Without exception, all of these criteria 
support the decision to establish a site-specific TI waiver for groundwater ARARs as 
summarized below: 

Hydrogeologic factors 

The TI Guidance indicates that hydrogeologic factors favoring a TI decision include interbedded 
and discontinuous strata, low permeability and heterogeneity.  These conditions are applicable 
to the Charleston Site. The Site is underlain by heterogeneous clayey sand to sandy clay and/or 
silty sand to depths of approximately 25 ft-bgs within the shallow water bearing zone (SWBZ).  
A shallow discontinuous clay unit is present across much of the Site within the SWBZ.  A 10-foot 
thick intermediate water bearing zone (IWBZ) serves as the transitional zone between the 
SWBZ and a confining gray clay layer present across the Site at depths ranging from 
approximately 20 to 35 ft-bgs and of variable thickness. The heterogeneity of the aquifer 
materials at the Site results in significant variation in hydraulic conductivity between vertical 
layers.  This contributes to the persistence of creosote contaminants as there is reduced 
groundwater flushing in the interbedded fine-grained, clayey deposits.  In addition, there are 
likely matrix diffusion effects from the low-permeability zones to the overlying and underlying 
more permeable zones. 
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The heterogeneous nature of the SWBZ and IWBZ (including a shallow discontinuous clay 
which partially divides these units) and the underlying confining gray clay layer limits the rates at 
which the mass of creosote DNAPL can be depleted or treated/removed from the subsurface 
thus making it technically impracticable to remediate groundwater to drinking water criteria. 

Contaminant-related factors 

The contaminant-related factors are also consistent with the impracticability of the remediation of 
impacted groundwater to achieve groundwater quality ARARs within a reasonable time frame as 
described below. 

• A significant fraction of the source material is non-recoverable within residual creosote-
stained soils.  DNAPL within the residual stained soils is immobile even under extreme 
hydraulic gradient conditions as a result of capillary tension in the soil. The residual 
DNAPL left behind will persist for many decades as a source of dissolved constituents. 

• Creosote is much more viscous than groundwater (by an order of magnitude or more). 
The high viscosity of the DNAPL significantly inhibits its mobility in the subsurface and the 
ability to remove significant quantities of DNAPL within a reasonable time.  This effect is 
exacerbated by the heterogeneous and low permeability aquifer materials beneath the 
Site. 

• The limited effective solubilities of creosote constituents prevent removal of significant 
mass via groundwater extraction.  The water soluble fraction of creosote or coal tar 
represents less than 0.01% of the total mass of source material. 

• PAHs in general are not amenable to accelerated biodegradation, are non-volatile, exhibit 
a great degree of sorption, and have high boiling points (>200°C). All of these factors 
make remediation to MCLs or other standards throughout the Site via active means 
impracticable. 

Technological factors 

Information and data demonstrate that the existing remedies implemented at the Site have been 
properly designed, constructed and operated.  An evaluation of other potential remedial 
alternatives demonstrates that no other remedial technologies or strategies would be capable of 
achieving groundwater restoration to drinking water criteria at the Site in a reasonable 
timeframe. 

However, in-situ stabilization/solidification (ISS) of creosote DNAPL in the Old Impoundment 
Area has been proposed to solidify/stabilize creosote DNAPL to allow development to a better 
and higher use in this area within that portion of the Koppers site that is subsequently deleted 
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from the NPL.  Stabilization/solidification (S/S) is a widely used treatment technology to prevent 
migration and exposure of contaminants at wood treating and other similar sites (USEPA, 
2009b). 

Additional TI considerations, including exposure potential and groundwater flow and 
contaminant fate & transport (F&T) modeling, were also evaluated.  Again, all criteria favor the 
decision to establish a TI waiver for groundwater ARARs at the Site. 

The following provides a summary of the information presented within this Report, including an 
overview of Report layout and content: 

Background 

The wood treating operations at the former Koppers Co. site in Charleston, SC consisted 
primarily of treating raw lumber with creosote.  As described in numerous site-related 
assessment and remedial evaluation documents, impacts from these wood treating operations 
resulted in the presence of creosote DNAPL in three main areas of the Site: (1) the Former 
Treatment Area, (2) the Old Impoundment Area, and (3) the Northwest Corner.  Only creosote 
DNAPL impacts associated with the Old Impoundment Area and the Northwest Corner are 
considered in this TI Waiver Demonstration as the Former Treatment Area is proposed to 
remain on the NPL with ongoing corrective action. Figure ES-1 presents an overview of the Site, 
including the location of the focus areas for this Report and the areas proposed to remain on the 
NPL. A compilation of electronic pdf versions of numerous historic reference documents that 
support information and findings presented throughout this Report is provided as Attachment A. 

The 1998 Final ROD for the Site specifically recognized the potential technical impracticability of 
achieving drinking water MCL-based ARARs for groundwater. However, the 1998 ROD further 
noted that it was premature to make a final assessment of technical impracticability for 
groundwater remediation to MCLs until there had been sufficient time to monitor the 
performance of the implemented remedies.  Therefore, the 1998 ROD (and subsequent 
Explanation of Significant Difference specific to the Northwest Corner DNAPL source area) 
resulted in implementation of identified remedies that were “expected to have a beneficial 
impact on the restoration of dissolved-phase aqueous plumes” in the designated areas. 
Groundwater/DNAPL extraction systems were installed in the Former Treatment Area and the 
Old Impoundment Area, and DNAPL in the Northwest Corner was immobilized using 
stabilization/solidification technologies. 

This TI Waiver Demonstration for the former Koppers Co. site is not a “front end” TI evaluation 
but a post-ROD/post-remedy implementation TI Waiver Demonstration that relies on thirteen 
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years of monitoring data which have been used to evaluate the effectiveness of implemented 
ROD remedies including the preferred remedy of stabilization/solidification at the Northwest 
Corner and to assess groundwater restoration potential.  Many TI waiver sites involve approval 
of TI waivers prior to implementation of a selected remedy, however, for the former Koppers Co. 
site, a TI waiver is being sought following remedy implementation (including 
solidification/stabilization on a portion of the Site) for which thirteen years of monitoring data are 
available. 

Northwest Corner 

The Northwest Corner area of the former Koppers Co. site is an area where residue from 
creosote treating cylinders was placed. During RI activities, DNAPL was indicated to be present 
in the shallow water bearing zone (SWBZ) in this area. The ROD remedy initially proposed 
installation of two DNAPL/groundwater extraction wells in the Northwest Corner area. During 
remedial design activities, it was determined that although DNAPL was present in the Northwest 
Corner, it did not appear to be of sufficient quantity and/or mobility to effectively recover via 
extraction wells. Based on successful implementation at other similar creosote sites, the use of 
S/S technology was selected for implementation (USEPA, 2003).  The objectives of DNAPL S/S 
were 1) to reduce the mobility of free-phase DNAPL in the SWBZ, and 2) to reduce the mass 
flux of dissolved phase constituents from the SWBZ. 

The results of qual i t y as s urance (QA) testing during implementation of the 
solidification/stabilization remedy confirmed that the remedy, as implemented, met the 
Performance Standards set forth in the Remedial Design document (Key, 2003).  The resulting 
solidified matrix has a geometric mean permeability of 9.2 x 10-7 centimeters per second 
(cm/sec) and an average 28-day unconfined compressive strength (UCS) of 139 psi. 

Since implementation of the S/S remedy in the Northwest Corner and approval of the Remedial 
Action Report (URS, 2003), groundwater quality monitoring for constituents of concern (COCs) 
in the current monitoring program has been performed.  While the remedy was effectively 
implemented, a small halo of dissolved-phase COCs persists in the vicinity of the S/S treatment 
zone as evidenced by detections of benzene and naphthalene at area wells.  Additionally, 
benzo(a)pyrene is routinely detected above its MCL of 0.2 ug/l.  Dissolved-phase COCs 
surrounding the S/S treatment zone in the Northwest Corner exhibit a stable trend. 

Based on the evaluation of the effectiveness of the S/S remedy implemented in 2003 in the 
Northwest Corner, it is anticipated that, similarly, the preferred remedy of proposed in-situ 
stabilization/solidification (ISS) in the Old Impoundment Area will immobilize DNAPL but result 
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in a small halo of dissolved-phase COCs (including benzene and benzo(a)pyrene) persisting 
indefinitely in the immediate vicinity and slightly downgradient of the ISS-treated monolith. 

Old Impoundment Area 

Historically the Site was drained by three drainage ditches, one of which discharged to a low 
lying area designated the Old Impoundment Area. The current approved remedy in the Old 
Impoundment Area has been removing DNAPL source material in the shallow and intermediate 
water bearing zones by operation of a groundwater/DNAPL extraction system. This remedy has 
been in place since 2003.  The lateral extent of DNAPL exhibits a stable trend in the Old 
Impoundment Area and the recent gauging events indicate that the extent has stabilized. 
Despite recovery of 12,800 gallons of DNAPL at the Old Impoundment Area since 2003, the 
apparent DNAPL thickness at monitoring and extraction wells in both water bearing zones 
remains stable. At the same time, dissolved phase concentrations of COCs within and 
downgradient of the Old Impoundment Area DNAPL source area persist above applicable MCLs 
and remain stable.  In addition, decades-long processes of matrix diffusion and the presence of 
residual impacted soils in low-mobility, low-permeability portions of the water bearing zones (the 
interbedded and underlying clay and silt lenses/sediments) have created long-term secondary 
sources for the dissolved groundwater plumes. Therefore, both the free-phase DNAPL and the 
residual impacted soils result in dissolved phase concentrations which are expected to remain 
above MCLs for an extended or indefinite time thus indicating that full restoration of 
groundwater to drinking water quality is technically impracticable within a reasonable timeframe.  
The proposed change in remedy to an ISS remedy in the Old Impoundment Area (described 
within this TI Waiver Demonstration as well as in detail within the RAWP) will, in a manner 
similar to the Northwest Corner, result in a small halo of dissolved-phase COCs (including 
benzene and benzo(a)pyrene) persisting indefinitely in the immediate vicinity and slightly 
downgradient of the ISS-treated monolith. 

Exposure 

There is no exposure to groundwater and the Site and surrounding area are served by the 
municipal water supply system.  No current risk to potential receptors to dissolved groundwater 
plumes exists as the Northwest Corner and the Old Impoundment Area plumes have been 
shown to be stable through natural attenuation processes and no groundwater exposure 
pathways are complete. 

Groundwater exposure pathways will remain incomplete through the existing and future 
institutional controls and deed restrictions at the Site and surrounding properties as needed.  
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ARARs 

Generally, groundwater restoration levels for NPL sites are set by USEPA using ARARs for 
groundwater.  ARARs are requirements that are either legally “applicable” or are otherwise 
“relevant and appropriate” to site specific circumstances.  Groundwater ARARs include legally 
“applicable” Federal or State concentration standards for the regulation of public drinking water 
quality – even if the NPL site groundwater is never to be used for drinking water.   

Recognizing that drinking water ARAR-based groundwater restoration objectives may not 
always be achievable at all NPL sites, CERCLA (Section 121(b)) and the NCP (Section 
300.430(f)(1)(ii)(C)(3)) provide for site-specific Technical Impracticability waivers (TI waivers) for 
particular ARARs through analysis of site data and demonstration of the technical 
impracticability of achieving those particular ARARs. 

A waiver of the National Primary Drinking Water Regulations, 40 CFR Part 141 (MCLs for 
constituents in groundwater) is proposed for benzene at 5 ug/L and benzo(a)pyrene at 0.2 ug/L 
based on the technical impracticability of achieving the performance standard of ‘contain and 
restore aqueous contaminant plumes’ to MCLs within a reasonable timeframe. The basis for 
selection of these two constituents, and demonstration of the technical impracticability of 
achieving MCLs, is provided in this Report.   

Remedial Alternatives Analysis 

To address TI guidance requiring evaluation of other remedial technologies, alternatives were 
developed to assemble a range of distinct remedial options with the potential to achieve the 
performance standards. Remedial alternatives were developed by assembling combinations of 
remedial technologies. The remedial alternatives developed for further screening and evaluation 
include:  

Alternative 1 Existing remedy:  Gradient-Enhanced Recovery, ICs and ECs  

Alternative 2 Presumptive remedy:  In-Situ Stabilization/Solidification (ISS), ICs 
and ECs 

Alternative 3 Alternative remedy: Thermal treatment via Steam In-Situ Thermal 
Treatment (ISTT), ERH ISTT, ICs and ECs 

Alternative 1, Gradient-Enhanced Recovery, ICs and ECs is a continuation of the current ROD 
remedy in place at the Old Impoundment Area.  Alternative 2, ISS, ICs and ECs is the proposed 
remedy presented in the RAWP (Amec Foster Wheeler, 2015) for the Old Impoundment Area.  
Alternative 3, Steam ISTT, ERH ISTT, ICs and ECs has been included to evaluate thermal 
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treatment as an alternative technology for consideration based on its implementation at other 
sites with creosote and coal tar residuals.   

The three remedial alternatives are further screened and evaluated through development of a 
groundwater flow and contaminant fate and transport (F&T) model simulating each remedial 
alternative. A detailed, comparative analysis of the retained remedial alternatives is then 
performed with respect to nine CERCLA evaluation criteria. 

Groundwater Flow and Fate & Transport Model 

Groundwater flow modeling was performed with a 3D, finite difference groundwater flow model 
(MODFLOW) primarily to evaluate cleanup timeframes associated with the three remedial 
alternatives:  (1) Gradient Enhanced Recovery, ICs and ECs; (2) ISS, ICs and ECs; and (3) 
thermal remediation (Steam ISTT, ERH ISTT, ICs and ECs). 

Model domain and boundary conditions were established. The model was calibrated under 
steady-state (average, time-independent) conditions using field measurements obtained in June 
and December 2014. 

Separate fate and transport (F&T) models are developed for benzene, naphthalene, and 
benzo(a)pyrene.  F&T parameters (dispersion, retardation, dissolved-phase biodegradation, and 
diffusion) were assigned to all areas of the model domain, including DNAPL areas. 

Naphthalene, a key indicator constituent of creosote-related dissolved phase contamination at 
the Site, is the most mobile and abundant of the polycyclic aromatic hydrocarbon (PAH) class of 
compounds in creosote.  Naphthalene represents the "worst-case" travel scenario for all other 
creosote PAHs.  As a result, there is an abundance of available Site data derived from the 
effectiveness monitoring program. Its use as an F&T constituent is valuable for these reasons.  

The persistence of dissolved-phase impacts over 100-years for all three modeled constituents 
(naphthalene, benzene, and benzo(a)pyrene) in all three remedial scenarios demonstrates that 
full restoration to ARARs for benzene and benzo(a)pyrene is technically impracticable. 

The three alternatives for remediation of DNAPL in the Old Impoundment Area were then 
compared against the nine National Contingency Plan (NCP) criteria.   

The three retained alternatives (Gradient Enhanced Recovery, ICs and ECs; ISS, ICs and ECs; 
and Steam ISTT, ERH ISTT, ICs and ECs) meet the threshold criteria of protection of human 
health and the environment and compliance with ARARs with a waiver from the Federal MCL 
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ARAR for benzene and benzo(a)pyrene.  However, there is more certainty that Alternative 2 
would be more protective of human health and the environment than Alternatives 1 and 3.  
When evaluating the balancing criteria, Alternatives 2 and 3 are stronger for both short-term and 
long-term effectiveness and reduction of toxicity, mobility and volume (TMV) through treatment 
as supported by the groundwater model simulations presented in Section 7.  Alternative 1 is 
stronger for implementability and lower costs as the recovery system is already in place at the 
Site, but the recovery system would limit development options within this area.  Alternative 2 
would be readily implementable as ISS has become widely accepted and used to treat 
contaminants at wood treating and other similar sites (USEPA, 2009b) and has been identified 
as a presumptive remedial technology capable of immobilizing NAPL and NAPL constituents at 
wood treating sites (USEPA, 1995b).  Alternative 3 is not readily implementable due to site-
specific and contaminant-specific characteristics.  Thermal remediation (Steam ISTT, ERH 
ISTT, ICs and ECs) would be difficult and uncertain to implement at the site given the Old 
Impoundment Area site conditions (shallow water table; depth of impacts; lower mobility, lower 
permeability portions of the water bearing zones; volume of water to be heated; and location 
adjacent to the former Barge Canal/Ashley River) and the high boiling points (above 200°C) of 
naphthalene and other PAH constituents comprising the bulk of the DNAPL.  Alternative 3 is 
also the highest cost alternative.  

All three alternatives would likely be acceptable to the State and the community.  Based on this 
evaluation, Alternative 2 is likely more protective and effective than Alternative 1 particularly 
considering the proposed change in land use, and significantly more implementable than 
Alternative 3. Alternative 2 (ISS) is the recommended Alternative. 

An evaluation of the effectiveness of the S/S remedy implemented in 2003 in the Northwest 
Corner, demonstrates that proposed ISS in the Old Impoundment Area will similarly result in a 
small halo of dissolved-phase COCs (including benzene and benzo(a)pyrene) persisting 
indefinitely in the immediate vicinity and slightly downgradient of the ISS-treated monolith. 

TI Waiver Zones 

TI waiver zones (TI zones) were developed to define the spatial extent over which the TI 
groundwater waiver applies.  The purpose of the TI zone is to establish the area and depth over 
which groundwater restoration to drinking water criteria is deemed technically impracticable and 
for which a waiver from groundwater cleanup standards is sought. The location of the proposed 
TI waiver zones is shown in Figure ES-1.  In the Old Impoundment Area the proposed TI waiver 
zone covers an approximate 4.5 acre area, and in the Northwest Corner the proposed TI waiver 
zone covers an approximate 1.0 acre area. In both areas, the depths of the TI waiver zones 
extend to the bottom of the confining gray clay that underlies each area. The depths of the TI 
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waiver zones are proposed to be 47 ft bgs in the Old Impoundment Area and 35 ft bgs in the 
Northwest Corner. The proposed TI waiver zones incorporate the potential extent of benzene 
and benzo(a)pyrene remaining above MCLs after an extended timeframe following 
implementation of the stabilization/solidification remedies.   

Based on the evaluations presented herein, it is recommended that a TI waiver for groundwater 
ARARs for the proposed TI zones be established to support redevelopment of the Site and 
surrounding area to a better and higher use that is protective of human health and the 
environment.  
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1.0 INTRODUCTION 

The former Koppers Company, Inc. (now Beazer East, Inc.) operated a wood treating facility in 
Charleston, South Carolina from 1940 to 1977.  The wood treating operations consisted 
primarily of treating raw lumber with creosote.  After 1978, subsequent to ending wood treating 
operations, portions of the Koppers site were used for various industrial purposes. The Site has 
been listed on the National Priority List (NPL) or “Superfund list” since 1994.  The general 
location of the site boundary as incorporated onto the NPL is shown on Figure 1-1. Pursuant to 
the 1998 Record of Decision (ROD) (USEPA, 1998), a remedy protective of human health and 
the environment for industrial use purposes has been implemented. 

United States Environmental Protection Agency (USEPA) has publically announced as a 
priority, redevelopment and return of environmentally impacted properties, also known as 
brownfields, to productive use, including Superfund sites. However, the continued listing of the 
former Koppers Co. Superfund site on the NPL has actually inhibited the redevelopment and 
return to productive use of the property because in South Carolina, NPL Sites are ineligible for 
the State’s brownfield program known as the South Carolina Voluntary Cleanup Program (VCP). 
The Site is part of the 200+ acre Magnolia Property (Figure 1-2).  The redevelopment project, 
designated the Magnolia project, is planned to be a mixed-use community including potential 
commercial/retail use, office use, residential use, hotel use and civic and park space. A 
consortium of three regional and national developers has formed a company known as Ashley 
River Investors, LLC (Prospective Purchaser), which has an option to purchase the Magnolia 
Property.  

The redevelopment of the Magnolia Property provides an opportunity for long-term stewardship 
of the Site for the City and its community, and is supported by the City of Charleston.  On 
January 13, 2015, the re-zoning of the Magnolia Property to the Planned Unit Development 
mixed-use scenario received a unanimous vote of approval from the Charleston City Council. 
However, the January 2015 re-zoning of the Magnolia Property anticipates residential uses (as 
did the prior zoning), but the anticipated residential uses are inconsistent with the current 
cleanup of the Site to an industrial use scenario.  The developers have proposed an additional 
approximately $25 to $30 million in further cleanup related to the Site, which will thereby make 
the Site consistent with the anticipated residential use.  A Remedial Action Work Plan (RAWP) 
(Amec Foster Wheeler, 2015) was submitted to USEPA and South Carolina Department of 
Health and Environmental Control (SC DHEC) in March 2015.  The RAWP was prepared to 
provide the basis for modification to two components of the in-place ROD remedies, and thus 
proposes significant additional site remediation to facilitate redevelopment of the property as a 
mixed-use development. In addition to the proposed changes in remedy, institutional controls 
(ICs) and future potential engineering controls (ECs) that may be needed to facilitate the future 
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development are addressed in the RAWP.  The additional proposed cleanup activities include 
implementation of the in-situ stabilization/solidification (ISS) of creosote dense non-aqueous 
phase liquid (DNAPL) in the Old Impoundment Area as well as placement of a site-wide soil 
exposure barrier and replacement of the existing drainage ditches with a subterranean storm 
sewer system. 

Supplemental to planned additional remedial actions detailed in the RAWP, this Technical 
Impracticability (TI) Waiver Demonstration is proposed as a means to allow for waiver of certain 
groundwater Applicable or Relevant and Appropriate Requirements (ARARs). This document 
has been prepared to demonstrate the technical impracticability of restoring groundwater to 
remedial goals identified in the ROD, and the applicability of this waiver to the former Koppers 
Co. Charleston site. This application provides information consistent with the document 
“Guidance for Evaluating the Technical Impracticability of Groundwater Restoration” (USEPA, 
1993) and subsequent guidance, to allow USEPA to evaluate the applicability of a TI waiver of 
groundwater ARARs at the former Koppers Co. site. The RAWP and TI Waiver Demonstration 
combine to provide the information needed to support USEPA issuance of a ROD Amendment 
to incorporate waiver of the groundwater restoration ARARs, an alternative remedial strategy, 
and eventual USEPA NPL partial deletion for the Site, such that further remediation and re-
development can move forward. 

1.1 RATIONALE AND CRITERIA FOR A TI WAIVER 

The applicability of a TI waiver for groundwater ARARs is evaluated in this report relative to 
three general categories of site-specific limiting factors or criteria specified in the USEPA TI 
guidance: hydrogeologic factors, contaminant-related factors, and technological factors.  
Additionally, factors such as exposure potential, groundwater flow, and contaminant fate-and-
transport modeling are also considered.   

The wood treating operations at the former Koppers Co. site in Charleston, SC consisted 
primarily of treating raw lumber with creosote.  As described in numerous site-related 
assessment and remedial evaluation documents, including the 1998 ROD, impacts from these 
wood treating operations resulted in the presence of creosote DNAPL in four main areas of the 
Site: the Former Treatment Area (FTA), Old Impoundment Area (OIA), Northwest Corner 
(NWC), and site drainage ditches. The location of these areas is shown on Figure 1-3.  After 
interim actions (including excavation) were implemented to address the ditches, three primary 
source areas containing DNAPL and creosote-related constituents in subsurface soils and 
groundwater remained: the Former Treatment Area, the Old Impoundment Area and the 
Northwest Corner.  Based on the presence of DNAPL creosote, early on in the CERCLA 
process the site was identified as a possible candidate for a TI waiver evaluation. The strategy 
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of the site characterization and the step-wise approach to the remediation process was 
performed consistent with the USEPA recommended approach for the TI waiver evaluation 
process presented in the 1993 TI guidance document.  

The 1998 Final ROD for the Site specifically recognized the potential technical impracticability of 
NAPL and groundwater cleanup to drinking water criteria (See Section 9.2 of the 1998 ROD). 
The 1998 ROD (specifically in Section 9.2.1) noted the potential technical impracticability of 
achieving drinking water Maximum Contaminant Level (MCL) ARARs (“EPA recognizes that 
restoration to these levels may be technically impracticable given the characteristics of NAPL, 
limitations in remediation technology and/or complex hydrogeology”). However, the 1998 ROD 
further noted that it was premature to make a final assessment of technical impracticability for 
groundwater remediation to MCLs at that time until there had been sufficient time to monitor the 
performance of the implemented remedies (“EPA considers the full-scale groundwater/NAPL 
remedy to be an iterative process which must be conducted for a sufficient period of time before 
its ability to meet applicable cleanup levels and long-term Performance Standards can be fully 
evaluated (USEPA, 1998)”.  Therefore, the 1998 ROD (and subsequent Explanation of 
Significant Difference specific to the Northwest Corner DNAPL source area) resulted in 
implementation of identified remedies that were “expected to have a beneficial impact on the 
restoration of dissolved-phase aqueous plumes” in the designated areas. Groundwater/DNAPL 
extraction systems were installed in the Former Treatment Area and the Old Impoundment 
Area, and DNAPL in the Northwest Corner was immobilized using stabilization/solidification 
technologies. These remedies as implemented to address areas of creosote DNAPL impacts 
are further described in Section 3.  

Since implementation of the ROD remedies, there has now been sufficient data collected over 
thirteen years to evaluate the efficacy of a TI waiver approach to the DNAPL/groundwater 
remedy. Section 4 provides a conceptual site model and an effectiveness evaluation summary 
of implemented ROD remedies for the Old Impoundment Area and the Northwest Corner, which 
are the specific areas addressed in this TI Waiver Demonstration. Section 7 provides a 
restoration timeframe analysis.  

The TI Waiver Demonstration for the former Koppers Co. site is not a “front end” TI evaluation 
but a post-ROD/post-remedy implementation TI Waiver Demonstration that relies on the existing 
stabilization/solidification remedy in the Northwest Corner and many years of monitoring data 
which have been used to evaluate the effectiveness of ongoing ROD remedies and to assess 
groundwater restoration potential.  
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The key components supporting the proposed TI waiver for the Site are: 
 

• EPA’s 1998 ROD recognition that ultimate restoration of groundwater to drinking water 
standards may be technically impracticable and that a TI waiver is a viable remedial 
approach; 

• Implementation of presumptive remedies, including ongoing DNAPL/groundwater 
extraction in the Old Impoundment Area source area and stabilization/solidification in the 
Northwest Corner source area in 2003, which collectively now provides thirteen years of 
performance monitoring for use in evaluating groundwater restoration potential 
consistent with recommended TI evaluation components; 

• Continued presence of free-phase (pooled/mobile) DNAPL and residual (immobile)  
creosote-stained soil areas in both water bearing zones in the Old Impoundment Area; 

• A recommendation to change the DNAPL/groundwater remedy in the Old Impoundment 
Area to in-situ stabilization/solidification (ISS); 

• A demonstration that no other remedial technologies or alternatives would be capable of 
restoring groundwater to drinking water-based criteria within a reasonable timeframe at 
the Site; 

• An evaluation of groundwater restoration potential, including restoration timeframe 
analyses to demonstrate that groundwater cleanup goals cannot be achieved in a 
reasonable timeframe; 

• Continuing favorable natural attenuation processes in the groundwater plumes; 
• Absence of on-site and off-site risks to potential human and ecological groundwater 

receptors due to incomplete exposure pathways; 
• Implementation of ICs to prevent current and future exposure and maintain site 

engineering controls such as covers; and 
• Long term site stewardship created by the planned re-development of the Site. 

This TI Waiver Demonstration evaluates the effectiveness of in-place ROD remedies to address 
DNAPL source areas and associated groundwater plume areas, and demonstrates the 
applicability of a TI waiver of groundwater restoration ARARs, in which drinking water MCLs 
cannot be achieved within a reasonable time frame.  Much of the supporting information for TI 
waiver applicability and demonstration has been provided in prior reports submitted to USEPA 
and SCDHEC as per ROD requirements. Consistent with the 1993 TI guidance, references in 
the administrative record were used, and only summary presentations are included in the TI 
Waiver Demonstration Report, with appropriate citations to the applicable administrative record. 
This information is provided herein as reference or as summary content, where appropriate, to 
support the TI waiver demonstration. A compilation of electronic pdf versions of numerous 
historic reference documents that support information and findings presented herein is provided 
as Attachment A. 

A small portion (approximately 4.1 acres as more specifically identified on Figure 1-3) located in 
the northeast corner of the Site is the subject of active groundwater/ NAPL extraction and 
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treatment.  This area is known as the Former Treatment Area and is not proposed for NPL 
deletion. Also, the Parker Marine parcel is not currently proposed for NPL deletion because the 
Prospective Purchaser does not have a contractual right to purchase that specific parcel.  

1.2 SUMMARY OF PREVIOUS TI WAIVERS FOR GROUNDWATER APPROVED BY EPA 

Restoration of contaminated ground waters is one of the primary objectives of US EPA’s 
Superfund program.  The National Contingency Plan (NCP), which provides the regulatory 
framework for Superfund, states that: “EPA expects to return usable ground waters to their 
beneficial uses wherever practicable, within a timeframe that is reasonable given the particular 
circumstances of the site” (NCP 300.430(a)(1)(iii)9F)). 

Generally, groundwater restoration levels for NPL sites are set by USEPA using ARARs for 
groundwater.  ARARs are requirements that are either legally “applicable” or are otherwise 
“relevant and appropriate” to site specific circumstances.  Groundwater ARARs include legally 
“applicable” Federal or State concentration standards for the regulation of public drinking water 
quality – even if the NPL site groundwater is never to be used for drinking water.   

While the restoration of all contaminated groundwater to drinking water quality is a stated 
objective of the Superfund program, decades of applied field experience in pursuing this 
objective has shown that site-wide groundwater restoration to drinking water quality may not 
always be achievable in a reasonable timeframe or without inordinate expenditures due to: 
limitations of available remediation technology, particular contaminant-related factors, or the 
natural or anthropogenic encumbrances encountered at a particular site. 

Recognizing that drinking water ARAR-based groundwater restoration objectives may not 
always be achievable at all NPL sites, CERCLA (Section 121(b)) and the NCP (Section 
300.430(f)(1)(ii)(C)(3)) provide for site-specific Technical Impracticability waivers (TI waivers) for 
particular ARARs through analysis of site data and demonstration of the technical 
impracticability of achieving those particular ARARs.  The first TI waiver approved by USEPA at 
an NPL site was in 1988.  In September 1993 USEPA Headquarters issued guidance on TI 
waivers for groundwater, titled “Guidance for Evaluating the Technical Impracticability of Ground 
Water Restoration.”  In August 2012 EPA issued a summary report of 91 TI waivers that had 
been issued through FY 2011 by USEPA Regions at 85 different NPL sites, titled “Summary of 
Technical Impracticability Waivers at National Priorities List Sites.”  Since the FY 2011 USEPA 
summary report was issued, additional TI waivers have been approved by USEPA Regions at 
12 or more additional NPL sites. 

The remediation of creosote and coal tar DNAPL sites to meet drinking-water based ARARs in 
site groundwater has proven particularly challenging and even infeasible in some attempts to do 
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so.  The presence of DNAPL is cited as a contributing factor in the rationale for 43 of the 91 TI 
waivers (47 percent) that were issued by USEPA through 2011 (USEPA, 2012 p 3) and cited in 
most of the additional TI waivers issued since 2011.  Sixteen of the 85 NPL sites where USEPA 
has issued TI waivers for groundwater through 2011 are either former wood treating sites with 
creosote DNAPL sources or former MGP sites with chemically-similar coal tar DNAPL sources 
(USEPA, 2012). Therefore there is significant precedent for TI applicability for sites with 
contamination similar in nature to that of the former Koppers Charleston site. However, this TI 
Waiver Demonstration Report has been prepared based on site-specific conditions.  

 
1.3 REPORT ORGANIZATION 

This report is organized into eleven sections: 

 Section 1 presents the report introduction and provides summary overview of the basis 
of TI applicability to the Site. 

 Sections 2 and 3 provide background information relative to former site operations, site 
setting (including hydrogeologic setting), and remedial activities.  

 Section 4 presents a conceptual site model, an evaluation of the performance of 
ongoing or completed remedial activities, and an evaluation of impact to potential 
receptors. 

 Sections 5 through 8 provide the basis for alternative remedy selection and modeling 
results. 

 Section 9 presents the proposed TI waiver zone. 
 Section 10 summarizes results of the TI Waiver Demonstration and recommendation for 

waiver of groundwater ARARs. 
 Section 11 presents the references cited throughout this document. 

The following table is provided as a cross-reference for information presented within this TI 
Waiver Demonstration to demonstrate that content requirements for a TI demonstration are met. 
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TI Requirements Section in TI Waiver 
Demonstration Report 

ARARs to be waived 5.3 

Spatial area over which the TI decision will apply 9.0 

Conceptual site model 4.0 

Site geology 2.3.1 

Hydrology 2.3.2 

Groundwater contamination sources 4.1.2-4.1.3 

Fate and transport 7.4.1-7.4.3 

Restoration potential 4.2 and 7.4 

Source identification 4.1.2-4.1.3 

Evaluation of the performance of remedial actions 4.2.1-4.2.2 

Evaluation of potential remedial alternatives  5.0 through 8.0 

Predictive analyses of remediation timeframes 7.4.2-7.4.3 

Remediation cost estimates 8.4.7 



TI Waiver Demonstration  April 2016 
Former Koppers Company Charleston Site   
Amec Foster Wheeler Project No. 6123130255 

2-1 

2.0 SITE BACKGROUND 

The former Koppers Company (now called Beazer East, Inc.) operated a wood treating facility 
on an approximate 45 acre area in the north portion of the Site from 1940 to 1977. The 
remaining 57 acre portion of the Site, located south and adjacent to the former Koppers 
property, was owned by Ashepoo Phosphate/Fertilizer Works. The Site was proposed for 
inclusion on the NPL in 1992, and listed on the NPL in December 1994. The Site as 
incorporated onto the NPL is approximately 102 acres (Figure 1-2). The Remedial Investigation 
(RI) and Feasibility Study (FS) process at the Site was conducted from 1993 to 1996. These 
activities were reported in several record documents for the Site, including the 1995 RI Reports 
(ENSR, 1995a, 1995b), Baseline Risk Assessment (BRA) and addendum (Black & Veach, 
1995, 1996), the Site-Specific Baseline Ecological Risk Assessment (Ogden, 1996), and the FS 
Report (ENSR, 1996). 

Parallel with RI/FS activities, an Interim Action ROD for interim remedial actions was completed 
in March 1995 (USEPA, 1995a), and implemented between June 1996 and November 1997. 
The interim activities included source control effort to mitigate off-site migration of DNAPL via 
drainage ditches and shallow groundwater in the area of the Former Treatment Area, while a 
site-wide remedy was being developed. USEPA issued the site-wide ROD in April 1998 
(USEPA, 1998).  Beazer and USEPA signed the Unilateral Administrative Order to implement 
the site-wide ROD on January 25, 1999. An overview of the various ROD remedy components 
is presented on Figure 1-3, and further described in the following sections of this document. 

2.1 SITE SETTING 

The Site is located in northern Charleston, South Carolina, on the west side of the peninsula 
formed by the Ashley and Cooper Rivers (Figure 1-1). As shown on Figure 1-1, the Site is 
bordered to the west by the Ashley River. Marsh areas and undeveloped land border the 
property to the south, and U.S. Interstate 26 borders to the east. Surrounding land use on the 
north and east includes industrial and commercial properties, with some nearby residential 
communities. The Site is generally undeveloped and vacant except for a communications tower 
and support building in the southwest portion of the Site, Parker Marine operations (owned by 
Parker, not part of Ashley River Investors collateral), groundwater/DNAPL extraction and 
treatment system on the eastern portion of the property (Former Treatment Area), and 
groundwater/DNAPL extraction system on the southwestern portion of the property (Old 
Impoundment Area) (Figure 1-2). Multiple building and foundation slabs remain across the 
property, many of which are from prior industrial operations that took place subsequent to 
Koppers’ operations.   
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2.2 HISTORICAL SITE OPERATIONS 

The former wood treating operations which operated until 1978 consisted primarily of treating 
raw lumber, utility poles and cross-ties with creosote.  For short periods of time, 
pentachlorophenol and copper chromium arsenate were also used as preservatives in the 
wood-treating process. The wood-treating operations were primarily performed in the eastern 
portion of the Site, designated as the Former Treatment Area.  Historically the Site was drained 
by three drainage ditches, one of which discharged to a low lying area designated the Old 
Impoundment Area.  The location of the Former Treatment Area, the Old Impoundment Area, 
drainage ditches and other site features is shown on Figure 1-3. Figure 1-3 of the RI Report 
(ENSR, 1995a) may be referenced for additional details regarding historic land use across the 
Site, including the location of tank farms as the primary operations area, and portions of the site 
where untreated/virgin wood was stored. 

Characterization of impacts to the Site from past wood treating operations has been described 
in numerous prior reports. A compilation of electronic pdf versions of numerous historic 
reference documents that support information and findings presented herein is provided as 
Attachment A. Evaluation of the nature and extent of constituents of potential concern (COPCs) 
primarily focused on constituents of interest related to wood-treating operations, including a 
targeted list of volatile and semi-volatile organic compounds (VOCs and SVOCs) and inorganics 
(metals). Constituents of concern (COCs) for environmental media and areas of concern were 
developed based on the RI and risk assessment activities. Identified soil and sediment wood-
treating related COCs were discussed in the RAWP. The presence of DNAPL containing 
creosote-related constituents was indicated in subsurface soils and groundwater in the Former 
Treatment Area, Old Impoundment Area and Northwest Corner (Figure 1-3). DNAPL impacts 
from the Former Treatment Area, Old Impoundment Area and Northwest Corner were also 
observed in nearby drainage ditches and marsh areas. In DNAPL and groundwater, COCs 
include creosote-related VOCs and a target polycyclic aromatic hydrocarbon (PAH) group of 
SVOCs. The information in Section 3 provides an overview of remedial actions implemented to 
date to address impacted areas, consistent with the site-wide remedy specified in the 1998 
ROD, and summarizes supplemental remedial actions proposed in the RAWP.   

2.3 HYDROGEOLOGIC SETTING 

Regional and site geology and hydrogeology were described in the RI/FS reports and several 
supporting documents, including groundwater modeling efforts used for remedial system design 
(Key, 2000), and are extracted or summarized herein.  

The Site is located in the Atlantic Coastal Plain physiographic province, and is underlain by the 
Cooper Marl clay formation. “This province is represented on site by a depositional setting in 
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which unconsolidated Quaternary (Pliocene and Pleistocene) sediments were deposited in 
dune, beach, and estuarine environments.  The sediments consist of fine silty, sometimes 
phosphatic, sands separated by clays and/or silts of varying compositions and thicknesses 
representing localized transgressive/regressive events.  The sediments, thought to be members 
of the Pamlico Formation, are approximately 45 to 67 feet thick and overlie the Cooper 
Formation. The Cooper Formation is the uppermost of a 600- to 700- foot thick series of marine 
limestones and marls, and acts as a lower confining unit to the Pamlico Formation sediments.” 
(Key, 2000) 

2.3.1 Hydrogeologic Units 

The typical soil profile consists of fill at surface, underlain by heterogeneous clayey sand to 
sandy clay and/or silty sand to depths of up to approximately 25 feet below ground surface 
(bgs). This geologic unit is referred to as the shallow water bearing zone (SWBZ). A 
discontinuous shallow clay unit is present at the Site within the SWBZ.  A 10-foot thick 
intermediate water bearing zone (IWBZ) serves as the transitional zone between the SWBZ and 
a confining gray clay present across most of the Site at depths generally ranging from 
approximately 20 to 35 feet bgs. The IWBZ has been observed to be absent in the western-
most area of the Site. The deep water bearing unit (DWBZ) is encountered between the 
intermediate zone gray clay confining unit and the Cooper Marl formation, and extends from a 
range of approximately 45 to 67 feet below grade, with thickness from 5 to 20 feet.  The 
confining gray clay unit extends for the entire depth interval between the SWBZ and DWBZ in 
the far western area of the Site. Representative geologic cross sections of the Site are shown 
on Figures 2-1 and 2-1a through 2-1f. Additional cross sections within the Old Impoundment 
Area, specific to planned additional remedial actions, are provided in Section 3.  

2.3.2 Groundwater Flows 

The Site is essentially flat, and depth to water ranges from approximately 2 to 6 feet below 
grade in the SWBZ and IWBZ. The shallow and intermediate water bearing zones, separated by 
the shallow clay unit for the most part, have different hydraulic heads with a generally upward 
hydraulic gradient from the IWBZ to the SWBZ.  In both units, groundwater flows generally to 
the nearest surface water body. A potentiometric surface map representative of pre-ROD 
remedy conditions in the two units (i.e. prior to extraction well pumping) is provided as Figure 2-
2. Groundwater flow velocity is approximately 80 feet/year to the north and 67 feet/year to the 
west (RI Report, ENSR 1995a, p. 3-15). Groundwater flow in the deep water bearing unit is 
towards the Ashley River at a rate of approximately 72 feet/year. The Cooper Marl, which is 
considered a confining unit approximately 260 feet thick, is present beneath the deep water 
bearing unit (ENSR 1995a, pp. 3-8 and 3-16). 
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The hydraulic conductivities of the water-bearing units were evaluated from slug tests 
conducted on monitoring wells installed at the Site during the RI phase. The hydraulic 
conductivity for wells screened in the sands of the SWBZ ranged from 1.6x10-4 cm/s (0.45 
ft/day) to 1.0x10-2 cm/s (28 ft/day), and from 4.8x10-6 cm/s (0.014 ft/day) to 1.2x10-3 cm/s (3.4 
ft/day) in the IWBZ (ENSR 1995a, p. 3-14, and Table 3-6 RI Report, ENSR, 1995a). Slug tests 
were also performed on several wells installed as part of design activities for installation of the 
NAPL/groundwater recovery system (Table 3-3, Key, 2000a).  As summarized in the 2006 
Performance Evaluation Report NAPL and Groundwater Remedy, incorporating slug tests from 
additional wells, hydraulic conductivity of the SWBZ was calculated to range from 0.45 to 33 
ft/day (SWBZ geometric average 3.5 ft/day), and hydraulic conductivity of the IWBZ was 
calculated to range from 0.014 to 4.6 ft/day (IWBZ geometric average 0.68 ft/day) (Key, 2006, p. 
2-2, and Table 2-1, Key, 2006).  The wells in which slug tests were performed during the RI and 
pre-design activities, and corresponding hydraulic conductivities, are identified on Figure 2-3. 
The variability in the hydraulic conductivities is an indication of the heterogeneity of the aquifer 
materials.  This heterogeneity contributes to the persistence of creosote contaminants as there 
is reduced groundwater flushing and increased matrix diffusion effects in interbedded fine-
grained, clayey deposits. A tidal survey performed to evaluate the impact of tidal fluctuations on 
water-level elevations in the monitoring wells, and a general groundwater chemistry 
investigations conducted during the RI indicate that shallow groundwater is tidally influenced 
and also brackish at a number of wells. 
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3.0 REMEDIAL ACTIVITIES 

The Remedial Design Work Plan (RDWP) for the former Koppers Co. Superfund site was 
initially developed in January 1999 (Dames & Moore, 1999) with the plan of implementation of 
remedial action. Two Explanation of Significant Differences (ESDs) were issued subsequent to 
the April 1998 ROD. An ESD was issued in August 2001 to change the Ashley River remedy 
from enhanced sedimentation to placement of an engineered subaqueous cap (USEPA, 2001). 
In April 2003, an ESD was issued to change the Barge Canal remedy (from placement of an 
engineered subaqueous cap to natural deposition and monitored natural recovery) and to 
change the remedy in the Northwest Corner of the Site (from DNAPL/groundwater extraction to 
immobilization using stabilization and solidification (S/S) techniques) (USEPA, 2003).  The 
100% NAPL/Groundwater Remedial Design Report (Key, 2003) was prepared to provide design 
details for the NAPL/groundwater remedial components. Because these areas are the focus of 
this TI demonstration, the S/S remedy in the Northwest Corner and a proposed remedy 
modification to replace the DNAPL and groundwater extraction system in the Old Impoundment 
Area are discussed in greater detail throughout this report. 

The various components of the ROD remedy were implemented and constructed between early 
1999 and mid-2003. The Final Remedial Action (RA) Report was issued in August 2003 (URS, 
2003) and documented final ROD implementation activities. The April 2004 Comprehensive 
Environmental Monitoring Plan (CEMP) (Malcolm Pirnie, 2004) described the inspection and 
operations and maintenance (O&M) program requirements for the various ROD remedy 
components. USEPA completed Five Year Reviews in 2008 and 2013 (USEPA, 2008 and 
USEPA, 2013).  For current reference Appendix A includes the “Executive Summary,” 
“Chronology of Site Events,” and “Remedial Actions” sections taken directly from the most 
recent EPA Five-Year Review Report dated 22 July 2013. Electronic pdf copies of available 
characterization and design reports, the RA Report, the CEMP, and O&M Reports since ROD 
implementation are provided in Attachment A. 

3.1 ROD REMEDIAL ACTIONS IMPLEMENTED 

The NPL Site has already been remediated in accordance with the USEPA final ROD issued in 
1998.  A site remedy protective of human health and the environment for industrial use has 
been implemented. Media of concern were identified, and cleanup goals established for:  
surface/subsurface soil; drainage ditch sediments; groundwater/DNAPL; and sediments of the 
Ashley River, Barge Canal, and North/South/Southwest Tidal Marshes. The Final Remedial 
Action Report has been approved by USEPA, and the Site reached construction complete 
status in 2003.  
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The ROD remedies included: 

• Excavation and subsequent capping of soils and drainage ditch sediments in designated 
portions of the Site; 

• Extraction of DNAPL and groundwater from the subsurface in the Old Impoundment 
Area and the Former Treatment Area; 

• Immobilizing DNAPL in the Northwest Corner using stabilization/solidification ; 
• Excavation of tidal marsh sediments in designated areas; 
• Capping sediments in the Barge Canal by natural deposition; and 
• Capping sediments in the Ashley River with an engineered, subaqueous cap. 

 

Figure 1-3 shows the layout of the various ROD remedy components. Engineered soil covers 
(ESCs), concrete building foundations and slabs, and reconstructed drainage ditches that exist 
at the Site are components of the approved site remedy.  In general, the remedial approach for 
surface soil is managed though the use of these ESCs and concrete slabs, which limit direct 
exposure to contaminated soil. The approved remedy includes operation of 
groundwater/DNAPL extraction systems in the two main areas associated with former wood 
treating operations (DNAPL source areas designated as the Old Impoundment Area and Former 
Treatment Area).  Groundwater is addressed through natural attenuation. Inspections and O&M 
are ongoing at the Site. The April 2004 CEMP (Malcolm Pirnie, 2004) documented inspection 
and O&M program requirements for the various ROD remedy components.  Some modifications 
to this CEMP were documented in the 2006 Performance Evaluation Report NAPL and 
Groundwater Remedy (Key, 2006) as revised per September 2007 follow-up communication. 
The program includes inspection of in-place soil and sediment covers/caps, and effectiveness 
monitoring for the DNAPL remedial systems. O&M reports have been provided to USEPA and 
SC DHEC since 2004; currently these reports are provided to USEPA and SC DHEC on an 
annual basis. The most recent report, 2015 Annual Operations and Monitoring Report, was 
submitted in March 2016 (FTS, 2016).  

Because the focus of this TI Waiver Demonstration relates to the identified DNAPL source areas 
in the Old Impoundment Area and the Northwest Corner and their associated dissolved phase 
groundwater plumes, a summary of the remedial systems installed in these source areas is 
described in the following subsections, followed by discussion in Section 3.2 of supplemental 
remedial activities proposed for the Old Impoundment Area as detailed in the RAWP.  

As noted in the ROD, EPA recognized the potential technical impracticability of NAPL and 
groundwater cleanup to drinking water criteria (Section 9.2.1, USEPA, 1998). Therefore the 
following performance standards were established relative to the DNAPL/groundwater remedy: 

• Remove or treat NAPL to the maximum extent practicable, 
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• Contain potentially non-restorable NAPL source areas, and 
• Contain and restore aqueous contaminant plumes. 

The groundwater/DNAPL extraction system installed in the Old Impoundment Area was 
“expected to have a beneficial impact on the restoration of dissolved-phase aqueous plumes” in 
the designated area (ROD Section 8.2.2, USEPA, 1998), and it was believed that the 
stabilization/solidification implemented in the Northwest Corner would be “more robust than 
recovery via extraction wells” (ESD Section IV, USEPA, 2003). Section 4 of this Report presents 
a conceptual site model and provides more detailed evaluation of the performance of ongoing or 
completed remedial activities described below in this section.  

It is noted that because review and O&M reporting of Site DNAPL/groundwater extraction 
systems often presents information for the system in the Old Impoundment Area alongside the 
system in the Former Treatment Area, many figures presented in the O&M reports show 
monitoring results for both areas. However where applicable, discussion of these presentations 
throughout this Report is limited to the Old Impoundment Area, and figures extracted from prior 
performance monitoring and O&M reports modified to only present information related to the Old 
Impoundment Area. 

3.1.1 Groundwater/DNAPL Recovery Systems in the Old Impoundment Area 

The extent of the Old Impoundment Area DNAPL source area prior to installing the existing 
remedial system was estimated based on RI findings and follow-up pre-design activities (Key, 
2000a and 2002). This recovery system in the Old Impoundment Area was installed in mid-2003 
and began pumping operations in October 2003. The DNAPL recovery system consists of three 
shallow extraction wells and one intermediate extraction well. Figure 3-1 presents an overview 
of the DNAPL remedial action systems in the Old Impoundment Area. A groundwater model 
(Key, 2000) was developed to estimate expected capture zones and thus used to help establish 
the locations of the extraction wells installed as part of ROD implementation in 2003.  

The extraction system is set up as a dual phase recovery system with both groundwater and 
DNAPL extraction. The extraction wells are 18-inch diameter and designed with sumps of 
varying lengths/capacities in which DNAPL accumulates. Accumulation is monitored on an 
approximate weekly basis, and extracted as needed (prior to reaching sump capacity) using air 
diaphragm pumps. Recovered DNAPL is stored on-site for subsequent off-site disposal/reuse. 
Groundwater that is extracted as part of DNAPL recovery operations is discharged under permit 
to the City of North Charleston publicly owned treatment works (POTW) (USEPA, 2013, p. 33). 

The performance monitoring program includes evaluation of DNAPL accumulation at select 
wells, and groundwater quality monitoring at select wells for analysis of wood-treating related 
COCs, and for natural attenuation parameters. Table 3-1 presents the COCs in the current 
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monitoring program, which includes evaluation for benzene, toluene, ethylbenzene, and xylene 
(BTEX) and SVOCs consistent with the “total PAH” list of constituents evaluated in the RI 
(further discussed in Section 4.1.2). O&M reports have been provided to USEPA and SC DHEC 
since 2004 to report on the effectiveness of DNAPL recovery operations in the Old 
Impoundment Area; currently these reports are provided to USEPA and SC DHEC on an annual 
basis. Figure 3-1 provides an overview of current estimated extent of DNAPL and dissolved 
phase contaminant plumes in the Old Impoundment Area, and presents the network of 
extraction wells used for DNAPL/groundwater recovery, and monitoring wells and piezometers 
currently used as part of effectiveness monitoring.  The conceptual site model presented in 
Section 4 details the basis for Old Impoundment Area DNAPL and plume depictions shown on 
Figure 3-1, and results of the performance monitoring program. An evaluation of remedy 
effectiveness is also provided in Section 4. Evaluation of groundwater restoration potential 
based on constituents that continue to persist in groundwater above MCLs (benzene and 
benzo(a)pyrene) and for naphthalene, which has consistently been used as an indicator 
constituent for creosote impacts in groundwater at the Site, is further addressed in Section 7.    

Of note, the focus of NPL partial deletion and consequently this TI Waiver Demonstration 
excludes the Former Treatment Area source area, which is proposed to remain on the NPL. 

3.1.2 Solidification/Stabilization at the Northwest Corner 

The Northwest Corner area of the former Koppers Co. site is an area where residue from 
creosote treating cylinders was placed. The residue consisted of sand, bark, and other solid 
materials including creosote. During RI activities, DNAPL was indicated to be present in the 
SWBZ in this area. The ROD remedy initially proposed installation of two DNAPL/groundwater 
extraction wells in the Northwest Corner area. During remedial design activities, it was 
determined that although DNAPL was present in the Northwest Corner, it did not appear to be of 
sufficient quantity and/or mobility to effectively recover via extraction wells (Key, 2000a and 
2002). Based on successful implementation at other similar creosote sites, the use of 
solidification/stabilization (S/S) technology was selected.  The 100% NAPL/Groundwater 
Remedial Design Report (Key, 2003) provides the design basis for the Northwest Corner S/S, 
which incorporated results of a treatability study and pilot study in this area. Figure 3-2a depicts 
the numerous borings used to evaluate DNAPL presence/absence and establish the remedial 
footprint. Electronic pdf copies of the characterization and design reports (or available portions 
of these reports), and available boring logs are provided in Attachment A. 

As reported in the RA Completion Report (URS, 2003): construction activities for the Northwest 
Corner S/S began with field mobilization activities in May 2003, and field activities were 
completed on July 1, 2003.  Quality Assurance (QA)/Quality Control (QC) testing were 
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performed during construction activities to document that the required permeability specification 
and other performance criteria were achieved. The horizontal extent of the completed S/S area 
was approximately 17,500 square feet (Figure 3-2a) and extended westerly towards the Ashley 
River to the edge of the practical working limits. As documented by the pre-design investigation 
activities, the limits of the DNAPL source area were estimated and inferred to extend beyond 
where reasonable means could efficiently be used to perform the S/S (Section 5.2 and Figure 2 
Key, 2003; Figures 2 and 3, Key, 2002). Figure 3-2a presents the borings periphery to the 
stabilized area where residual impacted soils  have been documented. These borings include 
several that were performed prior to S/S and include wells installed post remedy to monitor 
effectiveness.  

The vertical extent of the current S/S is one-foot into the underlying clay-confining unit; varying 
in depth across the treatment area, with an average depth of approximately 14 feet (Figure 3-
2b).  The treatment area was divided into 33 trenches. Each trench measured 4.5 feet wide with 
variable lengths and depths, with each adjacent trench being overlapped to ensure complete 
treatment of the specified area.  The S/S remedy was implemented in the Northwest Corner 
area using a slurry trenching technique, consistent with the approach implemented during the 
pilot study field operations.  Impacted material was excavated from each treatment trench, 
under bentonite slurry, and was transported to the mix containers for subsequent treatment.  
Oversize debris (rail ties, steel, poles) encountered during the excavation was separated from 
the excavated material, and either appropriately sized for placement back into the stabilized 
material, or managed at an offsite landfill.  Due to the bulking observed during treatment, a 
portion of the excavated material was stockpiled and subsequently transported offsite for 
disposal at a non-hazardous landfill.  A total of 13,199 tons of impacted material were excavated 
and treated as part of the Northwest Corner S/S remedy. 

A 9 percent portland cement mix design was initially used for treatment of the impacted 
material, consistent with the mix design selected following treatability testing.  However, QA 
testing, specifically unconfined compressive strength (UCS) and permeability, suggested the 
need to modify the mix design during full-scale implementation.  The ultimate mix design was 
modified to include 11 percent portland cement by wet weight of soil.  On June 25, 2003, 1 
percent dry bentonite powder by wet weight of soil was added to the 11 percent portland cement 
mix design.  For the remainder of the solidification/stabilization activities, the 11 percent portland 
cement and 1 percent powdered bentonite mix design was used. Following treatment, the 
solidified/stabilized material was placed back into the open excavation similar to the 
construction of a slurry wall.  At the completion of the solidification/stabilization activities, the 
surface of the solidified/stabilized soil was graded to promote drainage, and clean aggregate 
was placed in the area. The results of QA testing during implementation of the 
solidification/stabilization remedy confirmed that the remedy, as implemented, met the 
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Performance Standards set forth in the Remedial Design document (Key, 2003).  The resulting 
solidified mixture has a geometric mean permeability of 9.2 x 10-7 centimeters per second 
(cm/sec) and an average 28-day UCS of 139 psi.  Table 3-2 provides the QA summary table for 
the individual S/S treated trenches from the RA Completion Report (Appendix W, URS, 2003).  

Since remedy implementation in 2003, three monitoring wells and one piezometer have been 
used for the performance monitoring program for the DNAPL S/S remedy in the Northwest 
Corner.  The performance monitoring program in the Northwest Corner includes evaluation of 
DNAPL accumulation and groundwater quality monitoring for analysis of creosote related 
COCs. O&M reports have been provided to USEPA and SC DHEC since 2004 to document the 
effectiveness of NAPL recovery operations in these areas; currently these reports are provided 
to USEPA and SCDHEC on an annual basis. Figure 3-1 provides an overview of the extent of 
the S/S footprint (shown in detail on Figure 3-2a) and presents the network of monitoring wells 
and piezometer used as part of effectiveness monitoring, and presents a depiction of dissolved 
phase contaminant plumes along the downgradient edge of the Northwest Corner. The 
conceptual site model presented in Section 4 details the basis for plume depiction shown on 
Figure 3-1, and the results of the performance monitoring program. Section 4 also provides 
further discussion to define immobile residual creosote impacts and the potential to continue to 
act as a long term source of dissolved phase groundwater contamination in this area. An 
evaluation of remedy effectiveness is also provided in Section 4.Groundwater restoration 
potential is further addressed in Section 7.    

3.2 PROPOSED SUPPLEMENTAL REMEDIAL ACTIONS PER RAWP 

To allow for a change in land use from industrial use to mixed-use purposes for the anticipated 
redevelopment, the March 2015 RAWP proposed changes to elements of the current in-place 
remedy. The proposed changes in remedy focus on two main components of the remedy as 
implemented per the 1998 ROD: 1) a change in the remedy component of active groundwater 
and NAPL recovery via extraction wells in the area designated the Old Impoundment Area 
(similar to the Northwest Corner remedy), and 2) modifications/enhancements to the in-place 
soil cover remedy (designated engineered soil covers, or ESCs) and stormwater drainage ditch 
system implemented across the Site. The location of these areas is shown on Figure 1-3. The 
proposed changes in remedy are intended to implement a remedy consistent with future 
development in the identified Old Impoundment Area DNAPL source area, as well as be 
protective of a more conservative future land use scenario where residential exposure to 
surface soil may be applicable. In addition to the changes in ROD remedy, additional ICs 
supplemental to those already in place are proposed. These proposed supplemental measures 
are intended to support partial site deletion from the NPL so the property can be redeveloped 
and returned to productive use under the South Carolina Voluntary Cleanup Program. The 
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USEPA TI Guidance recommends that alternative remedial strategies be employed that focus 
on exposure control and source mitigation (USEPA, 1993).  The remedial actions proposed in 
the RAWP address these objectives. 

The primary components of the RAWP include: 

• A recommendation to implement stabilization and solidification (S/S) for the Old 
Impoundment Area DNAPL source area,  

• A recommendation for proposed placement of a 12 inch clean soil layer over applicable 
portions of the Site, 

• A recommendation to replace a significant portion of the Site drainage ditch remedy with 
a subterranean storm sewer system, and  

• Land use controls and ICs, including use of a covenant to prohibit groundwater use. 

Figure 3-3 depicts the features proposed as supplemental remedial actions described in the 
RAWP and Figure 3-4 presents an overview of post-RAWP remedial action systems and 
performance monitoring program wells specific to DNAPL source areas. The RAWP describes 
the selected remedial alternatives (including major assumptions and conceptual layouts), and 
provides the preliminary schedule for construction implementation. Proposed changes to the 
current O&M program based on the proposed remedial enhancements are described in the 
RAWP. 

The Old Impoundment Area is discussed in more detail below due to its applicability to this TI 
Waiver Demonstration.  Other components can be reviewed in more detail within the RAWP.  

Old Impoundment Area 

Since 2003, 12,800 gallons of DNAPL have been recovered in the Old Impoundment Area 
(based on the total of cumulative volumes recovered at area extraction wells, as presented on 
Table 4 of the 2015 Annual Operations and Monitoring Report, FTS, 2016.  Because continued 
operation of a DNAPL recovery system could significantly limit development options within the 
Old Impoundment Area, a change in remedy for this area was proposed in the RAWP for the 
area designated the Old Impoundment Area. The RAWP recommends the DNAPL remedy in 
the Old Impoundment Area be changed from recovery to the in-situ solidification/stabilization 
(ISS) of approximately 41,000 cubic yards of impacted soils and free phase DNAPL to the top of 
(and keyed into) the intermediate zone gray clay-confining layer, which is consistent with the 
approved S/S approach at the NWC.  The estimated horizontal and vertical limits of the planned 
ISS in the Old Impoundment Area, and general layout for the ISS columns, is shown on Figure 
3-5. Cross section depictions within the Old Impoundment Area, developed with a focus on ISS 
design, are shown on Figures 3-6a (north-south) and 3-6b (east-west). The intermediate zone 
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gray clay-confining layer is encountered at a depth of 33 to 35 ft bgs at the Old Impoundment 
Area.  Although the final design has not been completed, it is anticipated that ISS will be 
accomplished using two methods:  1) a dual axis rotary blender for shallow zone DNAPL 
impacts (approximately 10 to 12 feet), and 2) a large diameter auger and drill table mounted on 
tracked equipment for intermediate zone DNAPL impacts (approximately 33 to 35 ft bgs) and 
then keyed into the underlying confining gray clay layer.   

The selection of a design mix for ISS was based on experience gained during S/S of the 
Northwest Corner.  Leachability testing was performed in conjunction with developing the design 
mix for S/S in the Northwest Corner (USEPA, 2003 and Key, 2003).  Since it was determined 
that the design mix for the Northwest Corner would meet the leachability criteria as long as the 
performance criteria were achieved, and because the soil type at the Old Impoundment Area is 
determined to be similar to the soil type in the Northwest Corner, the same design mix (11 
percent portland cement and 1 percent powdered bentonite) will initially be utilized in the Old 
Impoundment Area and adjusted as necessary. The remedial objective for implementation of 
ISS is to address the presence of mobile DNAPL below the groundwater table in the Old 
Impoundment Area. ISS is intended to solidify potentially mobile DNAPL remaining in the Old 
Impoundment Area, resulting in a reduction in permeability, a reduction of DNAPL via 
solidification, and a reduction in groundwater contamination. 

As described in the RAWP, to assist in monitoring the effectiveness and sustainability of the ISS 
remedy, a performance monitoring program that includes evaluation of DNAPL accumulation 
and groundwater quality monitoring will be conducted after completion of ISS implementation 
activities, similar to the program performed in the Northwest Corner area for thirteen years post 
S/S implementation. Figure 3-4 presents an overview of post-RAWP DNAPL remedial action 
systems and performance monitoring program wells.   
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4.0 CONCEPTUAL SITE MODEL 

As previously described, ROD remedies were implemented to address the presence of DNAPL 
containing creosote-related constituents indicated in subsurface soils and groundwater in the 
Former Treatment Area, Old Impoundment Area and Northwest Corner. Figure 3-1 presents an 
overview of the DNAPL remedial action systems installed as part of ROD implementation in 
2003, and Figure 3-4 presents an overview of post-RAWP DNAPL remedial action systems and 
performance monitoring program wells. In support of the proposed changes to components of 
the in-place remedy described in the RAWP, updates to the conceptual site model (CSM) were 
presented in the RAWP and included review of the Old Impoundment Area and Former 
Treatment Area DNAPL source areas. Because this document has been prepared to 
demonstrate the technical impracticability of restoring groundwater to drinking water remedial 
goals identified in the ROD for areas to be deleted from the NPL, a review and presentation 
specific to the Old Impoundment Area and Northwest Corner (where S/S remedy was 
implemented), are provided.  Therefore, the CSM specific to the Former Treatment Area is not 
included herein. 

4.1 DNAPL SOURCE AREAS 

Results of previous characterization and information that describes the CSM for current 
industrial land use and remedies implemented per the ROD have been presented in previous 
reports, including the RI Report (ENSR, 1995a), Remedial Design reports (Dames & Moore, 
1998 and Key, 2000a, 2002 and 2003), and the RA Completion Report (URS, 2003) .  Annual 
O&M reports document inspection and O&M of in-place remedial systems. Electronic pdf copies 
of several characterization/design reports, and performance monitoring/O&M Reports since 
ROD implementation, are provided in Attachment A. Activities completed as part of O&M 
provide information on DNAPL accumulation and groundwater quality. As presented in the 
RAWP, the CSM was reviewed with focus on the Old Impoundment Area potentially mobile 
DNAPL source, because a change in remedy was proposed for this area. Because the 
ROD/ESD S/S remedy implemented for the Northwest Corner is similar to the remedy proposed 
for the Old Impoundment Area, the CSM for the Northwest Corner has also been updated based 
on performance monitoring data presented in the annual O&M reports. An overview of DNAPL 
footprints and generalized groundwater flow patterns and groundwater contaminant plume 
depictions for these two source areas is provided in the following subsections. As previously 
noted, information for the Old Impoundment Area is frequently presented alongside information 
for the Former Treatment Area, however discussion of these presentations herein is limited to 
the Old Impoundment Area. 
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4.1.1 DNAPL Characteristics 

DNAPLs are chemicals or mixtures of chemicals that have two major physical characteristics in 
common: they are heavier than water, and they are only slightly soluble (immiscible) in water.  
The term “DNAPL” refers only to liquids that are immiscible, and denser than water and not to 
chemicals that are dissolved in water that originally may have been derived from a DNAPL 
source (USEPA, 1993 p 6).  And while the water solubilities of DNAPL chemicals are very low, 
their drinking water-based ARARs are considerably lower. 

Creosote is a multi-component high viscosity “sticky” DNAPL mixture with a density only slightly 
greater than that of water.  Creosote is made by the distillation of coal tar (the parent material) 
and contains some 200 different hydrocarbon chemicals, primarily PAHs and phenolic 
compounds.  Rather than analyzing for all of the different creosote compounds, most site 
investigations select a sub-set of creosote compounds (based on their relative mobility and 
toxicity) to characterize groundwater impacts, such as naphthalene, benzo(a)pyrene, and 
phenanthrene (USEPA, 2009a p 4). Creosote wood treating operations like the former Koppers 
Co. Charleston Plant, typically used creosote mixed with a petroleum-based “carrier fluid” such 
as diesel that added certain VOCs to the creosote mixture including benzene. 

When released to the environment in sufficient amounts, DNAPL migrates downward under the 
force of gravity through soils and groundwater along the path of least resistance until they 
encounter less permeable soil layers that impede vertical movement and allow DNAPL to either 
pool or move laterally further in the subsurface.  Depending on the nature and circumstances of 
a particular DNAPL release, migration through the subsurface can be a complex and tortuous 
path as only slight differences in soil layering can cause DNAPL to run laterally and drop further 
downward multiple times, thus creating an irregular three-dimensional “DNAPL source zone”.  
The creosote source zone consists of both (i) residual creosote-stained soil along the pathways 
where DNAPL was formerly present and (ii) mobile DNAPL that can accumulate (or pool) above 
lower permeability capillary barriers at any vertical level.  Until fully depleted, both mobile 
DNAPL and residual (immobile) creosote impacted soils will continue to act as long term 
sources of dissolved phase groundwater contamination and vapor phase contamination when 
situated above the water table.  And in addition to residual impacts and mobile DNAPL, there 
may also be contaminant mass diffused into low permeability zones that can also sustain 
dissolved phase groundwater contamination by “back diffusion” even after the DNAPL source 
zone has been depleted.  As a rule of thumb for DNAPL site investigations, sampled 
groundwater concentrations for potential DNAPL-sourced chemicals exceeding 1% of their 
effective water solubility indicate that DNAPL source may be present in the vicinity of that 
location (USEPA, 2009a p 11).   
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Subsurface DNAPL is simultaneously acted upon by three forces: (1) the force of gravity that 
promotes downward DNAPL migration, (2) capillary pressures that resist migration of DNAPL 
from larger to smaller openings in the saturated zone, and (3) hydrodynamic forces due to 
hydraulic gradients that can either promote or resist DNAPL migration.  These concurrent forces 
and many other variable site-specific and contaminant-specific factors acting within 
heterogeneous subsurface strata can confound the investigation and remediation of DNAPL 
contamination.   

4.1.2 Overview of Historical DNAPL Sources and Impacts 

This section provides an overview of the approach to site-wide characterization performed as 
part of the RI, and the general approach to the development of the existing ROD remedies in 
DNAPL source areas. The intent of this section is to clarify the basis for site-wide delineation of 
impacted areas and subsequent selection of remedial focus areas, and to establish that the 
extensive site-wide characterization data was and remains adequate to represent subsurface 
conditions, define remedial focus areas, and select COCs for the post-ROD monitoring program. 
The site characterization data collected several years ago remains relevant as part of this TI 
evaluation in part because of the long-term persistence of creosote contaminants in either 
residual soil staining or free phase DNAPL form, and is supported by updated information 
collected on several occasions throughout the remedial design, implementation, and post 
remedy effectiveness monitoring processes. No active wood treating operations have been 
performed since the late 1970s, thus there are no new sources or no known releases of DNAPL 
since that time.  

The phased RI characterization program was described in Section 2.1 of the RI Report (ENSR, 
1995a), and is briefly summarized herein for groundwater/DNAPL impacts relevant to this TI 
Waiver Demonstration. The primary areas of active site operations were known, which assisted 
in directing the sampling locations (Figure 1-3, RI Report, ENSR, 1995a). A statistical grid-
based approach to sitewide soil sampling was conducted, and was supplemented by soil 
borings in areas of interest identified based on past site use. Figure 4-1 shows soil borings 
performed both during the RI timeframe and as part of follow-up investigations (Dames & 
Moore, 1998; Key, 2000a, 2002, 2008; Winter Environmental, reported in Amec Foster Wheeler, 
2015). As described within the applicable reports (provided in Attachment A), these borings 
were used to evaluate DNAPL presence or absence and establish the remedial footprint for 
ROD remedial design and performance monitoring programs.  

Initially, the RI sitewide monitoring well network (labeled on Figure 1-3 herein) was spatially 
distributed. Subsequent investigations were focused on potential source areas, and established 
areas where remedial actions and additional wells were needed – these areas included the 



TI Waiver Demonstration  April 2016 
Former Koppers Company Charleston Site   
Amec Foster Wheeler Project No. 6123130255 

4-4 

Former Treatment Area, the Old Impoundment Area, and the Northwest Corner. The current 
well network has developed throughout the RI/FS/ROD implementation and post-ROD remedy 
effectiveness monitoring process. This well network is extensive in the areas of ongoing 
remediation, and is shown on Figure 3-1. Many historic wells that were installed in areas where 
no groundwater impacts were observed are no longer in service, with several having been 
abandoned. A discussion of additional wells proposed for abandonment (including wells that are 
not part of the active O&M program, and wells within the footprint of the proposed ISS activities 
at the Old Impoundment Area) is provided in the RAWP (Amec Foster Wheeler, 2015, Section 
4.3.2 and Appendix F).   

As described in Section 2.1 of the RI Report (ENSR, 1995a), the selection of constituents of 
interest for groundwater quality monitoring in initial RI activities was an extensive list of analytes 
based on historical site activities (wood-treating related SVOCs including PAHs and phenols, 
and several metals), and also included monitoring at least 15% of all samples being analyzed 
for a complete analytical suite that included VOCs, SVOCs, PCBs/pesticides, dioxins/furans, 
and metals/inorganics to evaluate constituents that may be present but unrelated to Koppers 
wood treating activities. Ancillary parameters were also analyzed to provide additional data on 
site characterization. Based on groundwater quality data from the RI timeframe, several 
constituents and constituent groups were eliminated from the future (current) monitoring 
program, as the parameters were not detected, or not confirmed detected above levels of 
concern.  Table 3-1 presents the COCs in the current monitoring program, which includes 
evaluation for BTEX and for SVOCs consistent with the “total PAH” list of constituents evaluated 
in the RI, and representative of wood-treating related COCs for the Site. Section 7.4 and Table 
7-3 of the RI Report (ENSR, 1995a) documents there were no confirmed MCL exceedances in 
wells in the vicinity of the Northwest Corner (including MW-01S) or Old Impoundment Area 
(MW-05I), except for benzene. Additionally, because the analytical reporting limits for 
benzo(a)pyrene exceeded the MCL and direct comparison to its MCL was not possible, it was 
maintained in the current monitoring program. 

Sitewide, historic presentations of groundwater plume depictions in performance monitoring and 
O&M reports have typically used benzene for total BTEX representations and naphthalene for 
total PAH representations.  Benzene is present at concentrations above its MCL of 5 
micrograms per liter (ug/L) and has been used as an indicator constituent for monitored VOCs.  
Because naphthalene is the most mobile and abundant PAH and has consistently been used as 
an indicator constituent for creosote impacts in groundwater at the Site, it is presented within the 
CSM to represent the "worst-case" lateral and vertical extent for all other creosote PAHs.  In 
addition to these two indicator constituents, benzo(a)pyrene is present in select wells at the 
Former Treatment Area and the Northwest Corner above its MCL of 0.2 ug/L. Therefore these 
three constituents are presented in the CSM and subsequent sections of this TI Waiver 
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Demonstration as a basis for where creosote-related constituents exist, their potential for 
migration, and for evaluation of remediation timeframes. Available groundwater quality data 
within the TI focus areas of the Old Impoundment Area and Northwest Corner for benzene, 
benzo(a)pyrene and naphthalene is summarized on Table 4-1. 

4.1.3 DNAPL Sources and Impacts in the Old Impoundment Area 

The extent of the Old Impoundment Area DNAPL source area was estimated as part of the RI 
activities based on historical operations (ENSR, 1995a), and subsequent investigations 
(described below) that identified potential recoverable quantities of creosote DNAPL and 
associated dissolved phase constituent plumes.  The remedial design for the selected ROD 
remedy (recovery system) at the Old Impoundment Area was based on estimated limits of 
DNAPL in the SWBZ and IWBZ, as presented in the NAPL/Groundwater Pre-Design Activities 
Report (Key, 2000a) and follow-up field activities in 2002 (Key, 2002).  The 100% 
NAPL/Groundwater Remedial Design Report (Key, 2003) provides the design basis for the 
NAPL/groundwater extraction system in the Old Impoundment Area. Supplemental 
investigations were performed in 2007 (Key, 2008) and 2010 (Winter Environmental, reported in 
the RAWP, Amec Foster Wheeler, 2015). Figure 4-1 depicts an overview of the numerous 
borings used to evaluate DNAPL presence/absence and establish the remedial footprint, and 
includes several borings that were performed post ROD remedy to monitor effectiveness. Much 
of the site characterization data was collected several years ago but remains relevant in part 
because of the long-term persistence of creosote DNAPL in either residual or free phase form, 
and because updated information has been collected on several occasions throughout the 
remedial design, implementation, and post remedy effectiveness monitoring processes that 
continues to support conclusions regarding source areas. Electronic pdf copies of the 
characterization and design reports (or available portions of these reports), and available boring 
logs are provided in Attachment A.  

The proposed remedy modification described in the RAWP addresses the DNAPL source area, 
defined as an area of product saturation and/or accumulation at thicknesses sufficient for the 
product to be potentially mobile. The supplemental proposed remedy (ISS) is intended to solidify 
potentially mobile DNAPL remaining in the Old Impoundment Area. To establish estimated limits 
of DNAPL source area for possible remedial action modification described in the RAWP (Amec 
Foster Wheeler, 2015), the DNAPL impacts in the Old Impoundment Area were reevaluated 
based on several years of performance data of the DNAPL extraction system. The procedures 
used to reevaluate and update the CSM relative to estimated limits of potentially mobile (or 
pooled) creosote DNAPL in the Old Impoundment Area were described in the RAWP (Section 
2.3.2, Amec Foster Wheeler, 2015) and summarized below.  
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In general, descriptive information from historic boring logs, more recent boring logs, and 
DNAPL accumulation information from area extraction wells and monitoring wells was reviewed 
in an effort to refine the estimate of the extent of creosote DNAPL remaining in the Old 
Impoundment Area. Soil borings in which DNAPL saturated soils were encountered in a 
continuous soil column for several feet were considered areas of potential DNAPL 
accumulation. Observations of DNAPL accumulation in existing monitoring wells and 
piezometers, as reported in recent annual O&M reports, were also used to define the footprint of 
the accumulation area.  Boring logs from available historical documents included borings 
performed during Phase I through III RI investigations in the early to mid-1990s (ENSR 1995a 
and 1995b), and borings from the mid-1990s to early 2000s performed as part of pre-design and 
system installation activities (Dames & Moore, 1998, Key, 2000a). After four years of system 
operation, in late 2007 several borings, monitoring wells and piezometers were installed in the 
Old Impoundment Area to further characterize subsurface conditions and evaluate NAPL 
properties (Key, 2008).  Additionally, in 2010, Winter Environmental oversaw advancement of 
several soil borings in the Old Impoundment Area, to evaluate the presence/absence of 
creosote-related DNAPL in and around the periphery of previously estimated limits of the area, 
or in areas with limited prior investigation. The boring logs from the 2010 supplemental 
investigation performed by Winter Environmental were provided in the March 2015 RAWP 
(Amec Foster Wheeler, 2015).  The results from this 2010 investigation also satisfy the 
USEPA’s 2013 recommendation within the Five-Year Review Report to further define the limits 
of DNAPL at the Old Impoundment Area (USEPA, 2013). Figure 4-1 shows the location of 
available borings, wells and piezometers from historic and recent investigations used to 
delineate the refined DNAPL footprint in the Old Impoundment Area. Figures 4-1a and 4-1b 
present the estimated limits of saturated creosote impacts for the Old Impoundment Area in the 
SWBZ and IWBZ, respectively. Supporting information, including summary tables and boring 
logs, were provided in the March 2015 RAWP and are re-presented herein as Table 4-2 (with 
boring logs in Attachment A) to summarize boring log observations within the Old Impoundment 
Area. The areas of potentially mobile DNAPL delineation footprints shown on Figures 4-1a and 
4-1b established the estimated limits of DNAPL source area for proposed remedial action 
modification in the Old Impoundment Area (as presented on Figures 3-5 and 3-6a/b). 

Areas where residual soil staining was observed together with the absence of DNAPL 
accumulation in existing wells and piezometers were not included in the refined source area 
footprints for purposes of remedial design for ISS. However, for this TI demonstration, it was 
important to also identify these areas of residual stained soils (see Section 4.1.1), which have 
the potential to contribute localized impacts to groundwater. Residual areas of creosote-stained 
soils were defined by borings in which staining and/or sheen were indicated, or in which 
creosote product was encountered but was present in thin seams or otherwise at isolated/spotty 
indications with discontinuous and limited thickness. These borings are identified on Figures 4-
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1a and 4-1b as areas of residual stained soil.  Supporting information is provided herein as 
Table 4-2 to provide a summary of boring log observations within the Old Impoundment Area, 
with the boring logs provided in Attachment A.  

Because DNAPL releases to the subsurface were eliminated years ago when wood treating 
operations at the Site were discontinued, the creosote DNAPL is not expected to migrate 
beyond the currently defined limits.  However, areas of observed DNAPL saturation and/or 
accumulation and areas of residual (immobile) impacts remain and have the potential to impact 
groundwater. This TI Waiver Demonstration further considers residual stained soil areas that 
may be periphery to potentially mobile DNAPL sources and their attendant potential to also 
impact groundwater quality.  

Impacts from DNAPL source areas in the Old Impoundment Area have been evaluated as part 
of the post-ROD performance monitoring program (Malcolm Pirnie, 2004, Key, 2006) and 
associated O&M reporting; electronic pdf copies of the CEMP and performance monitoring/O&M 
Reports since ROD implementation are provided in Attachment A. An overview of information 
presented in these O&M reports for representative time periods is provided below, with 
additional effectiveness evaluation discussed in Section 4.2.   

Depictions of potentiometric surface maps for the Old Impoundment Area in the SWBZ/IWBZ 
from 2005, 2008 and 2014 are shown on Figures 4-2a through 4-4b. The 2005 event represents 
the initial post-ROD implementation effectiveness monitoring report prepared to evaluate the 
effectiveness of the DNAPL/groundwater remedies as reported in the 2006 Performance 
Evaluation Report (Key, 2006). In late 2007 and during 2008, additional subsurface field work, 
including installation of additional monitoring wells, was performed in the Old Impoundment 
Area to further characterize subsurface conditions (Key, 2008). Current conditions are 
represented by data from 2014 routine performance monitoring. Figure 4-5 presents trends of 
apparent DNAPL thickness in Old Impoundment Area wells. For clarity, Table 4-3 presents the 
trend graphs of apparent DNAPL thickness that are shown on Figure 4-5 for Old Impoundment 
Area wells that have indicated DNAPL accumulation. Data for 2015 is presented in the 2015 
Annual Operations and Monitoring Report (FTS, 2016).  

Depictions of contaminant plumes in groundwater in these areas, using available data for similar 
time periods (2005, 2010 and 2014), are provided on Figures 4-6a through 4-7b. These plume 
extent depictions were extracted from isoconcentration maps presented as part of performance 
evaluation or O&M reporting for the applicable time period that is represented, and electronic 
pdf copies of the complete figures/reports from which these maps were extracted are provided 
in Attachment A. As described in Section 4.1.2, historic presentations of groundwater plume 
depictions in performance monitoring and O&M reports have typically used benzene for total 
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BTEX representations and naphthalene for total PAH representations. Table 4-1 provides a 
summary of post-RI groundwater quality results for benzene, benzo(a)pyrene and naphthalene 
in monitoring wells within the Old Impoundment Area, and Table 4-4 provides associated trend 
graphs for benzene and naphthalene concentrations in groundwater. For clarity, Old 
Impoundment Area trend graphs provided in Table 4-4 were recreated from those presented on 
applicable isoconcentration figures provided in the referenced O&M reports, and from which 
plume depictions presented on Figures 4-6a through 4-7b were extracted. Figures 4-8a and 4-
8b provide summary results of detected VOCs and SVOCs in the Old Impoundment Area based 
on 2014 sampling results. As demonstrated by the historic and current presentations of 
groundwater flow conditions and contaminant plume depictions provided in this section, 
conditions have remained stable over the performance monitoring period. 

Evaluation of groundwater restoration potential based on constituents that continue to persist in 
groundwater above MCLs (benzene and benzo(a)pyrene) and for naphthalene, which has 
consistently been used as an indicator constituent for creosote impacts in groundwater at the 
Site, is further addressed in Section 7. Section 7 summarizes DNAPL and dissolved phase 
contaminant migration into the subsurface at the Site and provides additional information related 
to transport modeling performed for the three creosote constituents used as indicator COCs 
(naphthalene, benzene, and benzo(a)pyrene).   

4.1.4 DNAPL Sources and Impacts at Northwest Corner 

The extent of the Northwest Corner DNAPL source areas was initially estimated as part of the 
RI activities (ENSR, 1995a).  The ROD remedy proposed installation of two 
DNAPL/groundwater extraction wells in the Northwest Corner area. Based on follow-up 
investigations, including additional borings completed in 2002 during remedial design activities 
(Key, 2002), it was determined that although DNAPL was present in the Northwest Corner, it did 
not appear to be of sufficient quantity and/or mobility to recover via extraction wells. Based on 
successful implementation at other similar sites, the use of S/S technology to address DNAPL 
source area in the Northwest Corner was selected (USEPA, 2003 and Key, 2003). Figure 3-2a 
shows the locations of borings and wells used to establish the DNAPL area at the Northwest 
Corner and subsequently designate the area for S/S implementation, and presents the remedial 
footprint of the stabilized mass per S/S implementation. The borings include test pits, soil 
borings, and wells and piezometers installed in the Northwest Corner prior to S/S 
implementation, but were subsequently abandoned and included as part of the stabilized area. 
Electronic pdf copies of the pre-S/S documents cited above, along with available boring logs for 
wells/borings that remain outside of the stabilized area post-remedy implementation, are 
included in Attachment A.  
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As discussed in Section 3.1.2, the horizontal extent of the completed S/S area (Figure 3-2a) 
extended westerly towards the Ashley River to the edge of the practical working limits, but the 
limits of the DNAPL source area were estimated and inferred to extend beyond where 
reasonable means could be used to perform the S/S (Section 5.2 and Figure 2 Key, 2003; 
Figures 2 and 3, Key, 2002). Intermediate clay and the IWBZ are not present in the western 
area (Figures 2-1a and 2-1c, wells MW-01D and MW-04D). In the Northwest Corner, top of gray 
clay was encountered at approximately 15 ft deep and extended an approximate 20 ft thickness, 
such that the base of the confining gray clay is present at a depth of approximately 35 ft bgs.  
The vertical extent of S/S was completed to a minimum of one-foot into the underlying clay-
confining unit; varying in depth across the treatment area, with an average depth of 
approximately 14 feet (Figure 3-2b). As shown on Figure 3-2a, borings periphery to the 
stabilized area indicate residual stained soils and thus continue to act as long term sources of 
dissolved phase groundwater contamination. These borings include several that were 
performed prior to S/S but were not included in the remedial footprint and also include wells 
installed post remedy to monitor effectiveness. Localized groundwater contamination may exist 
around such residual impacts with the potential for spot exceedances of the benzene or 
benzo(a)pyrene MCL in groundwater directly in contact with stained soils.  

As previously indicated in Section 3.1.2, three monitoring wells and one piezometer are used for 
performance monitoring in the Northwest Corner. The active wells installed on the periphery of 
the stabilized area and currently used for performance monitoring are shown on Figure 3-2a. 
These wells/piezometer are evaluated for the presence/absence of DNAPL, and groundwater 
quality monitoring for COCs in the current monitoring program (Table 3-1). Figure 4-9 provides 
summary results of detected VOCs and SVOCs in the Northwest Corner based on 2014 
sampling results. As shown on Figure 4-10, a limited dissolved phase contaminant plume area 
is estimated downgradient of the Northwest Corner S/S area. This plume depiction is based on 
the presence of groundwater COCs primarily in wells MW-01SR and MW-111R.  Similar to the 
Old Impoundment Area, the constituents benzene, naphthalene and benzo(a)pyrene are 
presented throughout this TI Waiver Demonstration as a basis for where creosote-related 
constituents exist, the potential for migration, and for evaluation of remediation timeframes for 
the stabilized Northwest Corner area. Table 4-1 provides a summary of post-RI groundwater 
quality results for benzene, benzo(a)pyrene and naphthalene in monitoring wells within the 
Northwest Corner. Data on this table supports the trend graphs presented on Figure 4-10. Data 
for 2015 is presented in the 2015 Annual Operations and Monitoring Report (FTS, 2016). 

4.2 EVALUATION OF REMEDIAL ACTION PERFORMANCE 

The 1998 ROD for the Site recognized the potential technical impracticability of DNAPL and 
groundwater cleanup to drinking water criteria (Section 9.2 of the 1998 ROD).  In doing so, it 
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identified the existing groundwater/DNAPL remediation objective is to remove or control DNAPL 
discharges, and mitigate further migration of dissolved phase constituents from DNAPL source 
areas through: 

• Removal or treatment of NAPL to the maximum extent practicable. 

• Containment of potentially non-restorable source areas, and 
• Restoration of aqueous contaminant plumes. 

The ROD remedy for the Old Impoundment Area was fully implemented in 2003.  The ROD 
remedy for the Northwest Corner was changed by an ESD in 2003 from groundwater/NAPL 
recovery to S/S and was fully implemented shortly thereafter.  Since the implementation of Old 
Impoundment Area and the Northwest Corner remedies, performance monitoring and operation 
and maintenance activities provide 13 years of data to evaluate the effectiveness and 
performance of the implemented remedies. 

4.2.1 Groundwater/DNAPL Recovery System in the Old Impoundment Area 

The current approved remedy in the Old Impoundment Area has been removing DNAPL source 
material by operation of a groundwater/DNAPL extraction system. As described in the RAWP 
and summarized herein, modifications to the in-place remedy are proposed for the Old 
Impoundment Area. The proposed change in remedy is to implement ISS in the identified NAPL 
source area of the Old Impoundment Area.  To evaluate the efficacy of a TI waiver approach 
and to support comparative restoration timeframe analyses based upon the current and 
proposed remedy discussed in Section 7, an effectiveness evaluation of the implemented ROD 
remedy for the Old Impoundment Area is summarized below. The groundwater/DNAPL 
extraction system has been in operation since late 2003, which collectively now provides 
thirteen years of performance monitoring for use in evaluating remedy effectiveness. The 
monitoring program in the Old Impoundment Area is of sufficient quality and detail to evaluate 
remedial action performance including evaluating plume migration and concentration trends.  
The O&M program has been adequately maintained.  Documentation of the effectiveness and 
appropriateness of the performance monitoring and O&M programs can be found in the Annual 
Operations and Monitoring Reports and review of the 2008 and 2013 Five Year Reviews 
(USEPA, 2008 and USEPA, 2013). Electronic pdf copies of O&M Reports since ROD 
implementation are provided in Attachment A, and provide detailed effectiveness evaluation 
data and results.  

The DNAPL recovery system in the Old Impoundment Area consists of four wells: three SWBZ 
wells and one IWBZ well operated in a gradient-enhanced configuration. Table 4 of the 2015 
Annual Operations and Monitoring Report (FTS, 2016) provides a summary of NAPL recovery 
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system operations in the Old Impoundment Area, including NAPL recovery volumes and 
groundwater recovery flow rates, since system start-up in 2003. The lateral extent of DNAPL 
generally exhibits a stable trend in the Old Impoundment Area and the recent gauging events 
indicate that the extent has stabilized (2015 Annual Operations and Monitoring Report). Figures 
4-4a and 4-4b show the impact of ongoing DNAPL recovery efforts at the Old Impoundment 
Area on the potentiometric surface in SWBZ and IWBZ.  Significant NAPL source removal has 
been accomplished by the pump and treat system. However, as illustrated in Table 4-3 and 
Figure 4-5, despite recovery of 12,800 gallons of DNAPL at the Old Impoundment Area since 
2003 (based on cumulative volumes recovered, as presented on Table 4 of the 2015 Annual 
Operations and Monitoring Report, FTS, 2016), the apparent DNAPL thickness at monitoring 
and extraction wells in both water bearing zones remains stable.  

Dissolved phase concentrations of COCs within and downgradient of the Old Impoundment 
Area DNAPL source area persist above MCLs and remain stable (Figures 4-6a through 4-7b, 
and supporting data for trend graphs provided in Table 4-1 and Table 4-4). The trend analysis 
for benzene and naphthalene in this area generally show overall stable or decreasing 
concentration trends. Because the in-place ROD remedy for groundwater is monitored natural 
attenuation, the annual O&M reports provide site-specific evaluation of natural attenuation 
following EPA-recommended methodologies (Section 6.3 of the 2014 Annual Operations and 
Monitoring Report, FTS, 2015, and prior reports). As stated in the 2013 Five Year Review 
(Section 6.4, USEPA, 2013), “conditions in the groundwater continue to be favorable for 
biodegradation of the dissolved contaminants at the Site.”  However, the decades-long 
processes of matrix diffusion and the presence of residual creosote-impacted soils in low-
mobility, low-permeability portions of the water bearing zones (the interbedded and underlying 
clay and silt lenses/sediments) have created long-term secondary sources of dissolved 
groundwater plumes. Therefore, both the free-phase and the residual impacted soils result in 
dissolved phase concentrations which are expected to remain above drinking water criteria for 
an extended or indefinite time thus indicating that full restoration of groundwater is technically 
impracticable within a reasonable timeframe. The presence of free phase DNAPL and residual 
soil staining and the inability of current remedial technologies to fully remove them from the 
subsurface are key evaluation factors in demonstrating technical impracticability.  

The 1998 ROD noted that it was premature to make a final assessment of technical 
impracticability for groundwater remediation to MCLs until there had been sufficient time to 
monitor the performance of the implemented remedies. While attenuation processes will 
continue to occur, the results of 13 years of performance monitoring for the groundwater/DNAPL 
recovery system are consistent with EPA’s 1998 ROD recognition of the potential technical 
impracticability of achieving drinking water MCLs at the Site. A restoration timeframe analysis 
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for the Old Impoundment Area DNAPL source area and associated dissolved phase 
groundwater plume is provided in Section 7. 

4.2.2 Solidification/Stabilization at the Northwest Corner 

The ROD remedy for the Northwest Corner initially proposed installation of two 
DNAPL/groundwater extraction wells in the Northwest Corner area. During remedial design 
activities, it was determined that although DNAPL was present in the Northwest Corner, it did 
not appear to be of sufficient quantity and/or mobility to effectively recover via extraction wells. 
Based on successful implementation at other similar creosote sites, the use of 
solidification/stabilization technology was selected.  The objectives of DNAPL S/S were 1) to 
reduce the mobility of free-phase DNAPL in the SWBZ, and 2) to reduce the mass flux of 
dissolved phase constituents from the SWBZ.  An ESD was prepared in 2003 to designate 
solidification/stabilization as a modified remedy for the Northwest Corner. 

The mix design, implementation of S/S, and conformance with performance criteria is provided 
in greater detail in Section 3.1.2.  A total of 13,199 tons of impacted material were eventually 
excavated, treated, and re-placed in the Northwest Corner as the S/S remedy. An evaluation of 
the Remedial Action Report (URS, 2003) demonstrates that S/S was completed in general 
accordance with the treatability and pilot study reports and the Remedial Design (Key, 2003), 
with the exception that the mix design required modification during implementation because the 
unconfined compressive strength and permeability criteria were not initially being met during 
full-scale implementation.  Those portions of the S/S treatment trenches which did not initially 
meet the required permeability specification were re-solidified/stabilized with the modified mix 
design and subsequently shown to meet or exceed the required permeability criteria.  The 
results of QA/QC testing confirmed that the remedy met or exceeded the performance 
standards set forth in the RD (Table 3-2). 

Since implementation of the S/S remedy in the Northwest Corner and approval of the Remedial 
Action Report (URS, 2003), groundwater quality monitoring for COCs in the current monitoring 
program (Table 3-1) has been performed.  Section 4.1.4 and Tables 4-1 and 4-4 provide 
additional information on the results of the performance monitoring program in the Northwest 
Corner. While the remedy was effectively implemented, as shown on Figure 4-10, a small halo 
of dissolved-phase COCs persists in the vicinity of the S/S treatment zone as evidenced by 
detections of benzene and naphthalene at MW-01SR and MW-111R.  Benzene has historically 
been detected above the MCL following S/S treatment in the Northwest Corner (Table 4-1). 
Most recently, concentrations above the MCL have been observed at MW-111R in 2012 and 
MW-01SR in 2015. Benzo(a)pyrene is routinely detected at MW-01SR above its MCL. 
Additionally, borings periphery to the stabilized area indicate residual stained soils and thus 
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continue to act as long term sources of dissolved phase groundwater contamination localized 
around such residual impacts.  Several of these borings extended westerly towards the Ashley 
River where stabilization was not possible due to their proximity to the river.  

The groundwater monitoring program in the Northwest Corner is of sufficient quality and detail 
to evaluate performance of the S/S remedy.  Based on the evaluation of the effectiveness of the 
S/S remedy implemented in 2003 in the Northwest Corner, it is anticipated that, similarly; 
proposed ISS in the Old Impoundment Area will likely result in a halo of dissolved-phase COCs 
(benzene, naphthalene, and benzo(a)pyrene) persisting indefinitely in the immediate vicinity and 
slightly downgradient of the ISS-treated monolith. 

The results of 13 years of performance monitoring for the groundwater/DNAPL recovery system 
appear consistent with EPA’s 1998 ROD recognition of the potential technical impracticability of 
achieving drinking water MCLs at the Site. In support of assessment of technical impracticability 
for groundwater remediation to MCLs, a restoration timeframe analysis for the Northwest Corner 
source area and associated dissolved phase groundwater plume is provided in Section 7. 

4.3 EVALUATION OF IMPACT TO POTENTIAL RECEPTORS 

Consistent with the ROD, a remedy protective of human health and the environment for 
industrial use purposes has been implemented. As previously described, to facilitate a proposed 
redevelopment project, designated the Magnolia project, a change in land use from industrial to 
mixed-use purposes (including residential) will need to occur. Therefore, the exposure 
assumptions used at the time of remedy selection were reviewed in the RAWP (with primary 
focus on soil).  

No current risk to potential receptors to dissolved groundwater plumes exist as the plumes have 
been shown to be stable through natural attenuation processes and no groundwater exposure 
pathways are complete. Notably, a quantitative modeling analysis of the groundwater mixing 
zone determination according to the South Carolina Groundwater Mixing Zone Application 
Guidance document (SCDHEC, 1997) demonstrated that:  

 The impacted groundwater is confined to shallow geologic unit that has no potential of 
being an underground source of drinking water due to the brackish nature of 
groundwater, and the continuation of the established ICs. As demonstrated by the highly 
conservative mixing zone box model (i.e., absence of any natural attenuation processes 
including sorption, dispersion and biodegradation), the discharge of impacted 
groundwater to the Ashley River will not contravene the surface water standards set 
forth in SC DHEC R.61-69. 
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 The dissolved groundwater COCs are relatively immobile as acknowledged by the 
USEPA in its last 5-year review (USEPA, 2013) and demonstrated by the stable or 
decreasing concentration trends, and continuing favorable processes of natural 
attenuation. 

Impacted groundwater in the Northwest Corner and Old Impoundment Area remains within the 
Site boundaries as it flows toward the Ashley River discharge zone. There are no drinking water 
wells in these two areas or anywhere else on the Site. A search of well records conducted by 
the South Carolina Water Resources Commission during the RI phase showed that all wells in 
the Site vicinity are completed in the deeper aquifers below the regional 260-feet thick Cooper 
Marl confining layer (ENSR, 1995a). For these reasons groundwater exposures are incomplete 
and will remain incomplete through the use of ICs at the Site and surrounding properties as 
needed.  

As noted in Section 2.0, an Interim Action ROD (USEPA, 1995a) was implemented in 
1996/1997 to address NAPL/constituent transport to surface water bodies via the drainage 
ditches. Subsequent improvements to the drainage ditch system were made as part of the 1998 
ROD, summarized in Section 3. Therefore, as acknowledged in Section 7.1 of the site-wide 
ROD (USEPA, 1998), remedial goals for surface water were not developed as surface water 
was not carried forward as a media of concern.  
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5.0 REMEDY EVALUATION  

An alternative remedy for the Old Impoundment Area DNAPL and groundwater is necessary to 
support the planned land use change for the Site.  In accordance with the 1993 TI Guidance, 
the selection of an alternative remedy at a Superfund site should follow the remedy selection 
process provided in 40 CFR §300.430(f), NCP criteria.  The following Sections 5 through 8 are 
provided to demonstrate this requirement is met and to demonstrate that implementation of the 
alternative remedy coupled with the TI waiver zones will be protective of human health and the 
environment and will comply with the ARARs for the Site that are not proposed to be waived.   

5.1 PERFORMANCE STANDARDS 

An essential element of the remediation process is identification of the goals that a site must 
meet after cleanup activities are completed.  Remedial objectives must consider the nature and 
extent of the COCs, the ARARs, and be developed to protect human health and the 
environment.  To remain consistent with the former Koppers Co. Superfund Site decision 
documents, performance standards will be used as remedial objectives within this TI Waiver 
Demonstration. As introduced in Section 3.1, the following performance standards were 
established in the ROD relative to the DNAPL/groundwater remedy and will continue to be used 
to evaluate the alternative remedy evaluation in the Old Impoundment Area: 

• Remove or treat NAPL to the maximum extent practicable, 
• Contain potentially non-restorable NAPL source areas, and 
• Contain and restore aqueous contaminant plumes. 

5.2 SUMMARY OF ARARS 

Section 121(d) of CERCLA broadly requires that cleanup comply with applicable, relevant, and 
appropriate requirements (ARARs) to protect human health and the environment.  

Applicable requirements, as defined in 40 CFR § 300.5, are those cleanup standards, standards 
of control, and other substantive requirements, criteria, or limitations promulgated under federal 
environmental, state environmental, or state facility siting laws that specifically address a 
hazardous substance, pollutant, or contaminant, remedial action, location, or other circumstance 
at a CERCLA NPL site.  

Relevant and appropriate requirements, as defined in 40 C.F.R. § 300.5, are those cleanup 
standards, standards of control, and other substantive requirements, criteria, or limitations 
promulgated under federal environmental, state environmental, or state facility siting laws that, 
while not “applicable” to a hazardous substance, pollutant, or contaminant, remedial action, 
location, or other circumstance at a CERCLA site, address problems or situations sufficiently 
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similar to those encountered at a CERCLA site such that their use is well suited to the particular 
site.   

ARARs are classified according to whether they are location-, chemical-, or action-specific: 

• Chemical-specific requirements are usually health or risk-based numerical values or 
methodologies that establish the acceptable chemical concentration that may be found 
in or discharged to the environment.  If a chemical has more than one standard, the 
most stringent is generally applied.   

• Location-specific requirements are restrictions placed on the concentration of 
remediated hazardous substances or the conduct of remedial activities based on the 
location in a special geographic area, such as floodplains, wetlands, historic places, and 
sensitive ecosystems or habitats.   

• Action-specific ARARs are usually requirements of or limitations upon Site activities or 
the use of technology regarding hazardous wastes.  Action-specific requirements often 
include performance, design and controls, or restrictions on particular kinds of activities 
related to management of hazardous substances. Action specific ARARs are prompted 
by the types of remedial activities and types of wastes that are generated, stored, 
treated, disposed, emitted, discharged, or otherwise managed.  
 

Chemical-, location- and action-specific ARARs were established in the 1998 ROD and re-
evaluated in the RAWP (Amec Foster Wheeler, 2015), in accordance with 40 C.F.R. § 
300.400(g), and includes Federal and State requirements.  For purposes of this TI Waiver 
Demonstration, only the chemical-specific ARARs require re-evaluation to support a waiver of a 
Federal ARAR for groundwater standards for benzene and benzo(a)pyrene within the TI zone. 
The Site chemical-specific ARARs are presented in Table 5-1.  The remedial alternatives 
presented in Section 7 are evaluated to determine whether they comply with identified ARARs.  
Additional details of the request for an ARAR waiver from benzene and benzo(a)pyrene MCLs 
within the TI zone are provided in the following sections.   

5.3 REQUEST FOR WAIVER OF FEDERAL GROUNDWATER STANDARDS 

Compliance with ARARs is a threshold requirement of CERCLA that every remedy must meet, 
unless an ARAR is waived (40 CFR §300.430(f)(1)(A)). Under CERCLA Section 121(d)(4), a 
remedial action that does not attain an ARAR may be selected if EPA finds that one of six 
waiver criteria are justified. Among other criteria, Section 121(d)(4) authorizes the waiver of a 
particular standard, if compliance with the standard would be technically impracticable from an 
engineering perspective.  CERCLA (Section 121(b)) and the NCP (Section 
300.430(f)(1)(ii)(C)(3)) provide for site-specific Technical Impracticability waivers (TI waivers) for 
particular ARARs through analysis of site data and demonstration of the technical 
impracticability of achieving those particular ARARs.   
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A waiver of the National Primary Drinking Water Regulations, 40 CFR Part 141 (MCLs for 
constituents in groundwater) is proposed herein for benzene at 5 ug/L and benzo(a)pyrene at 
0.2 ug/L based on the technical impracticability of achieving the performance standard of 
‘contain and restore aqueous contaminant plumes’ to MCLs within a reasonable timeframe.   

Sections 7 through 10 provide additional information to support the demonstration that it is 
technically impracticable to meet MCLs within a reasonable timeframe and that a waiver from 
this ARAR is warranted.   

5.4 GENERAL RESPONSE ACTIONS 

General Response Actions (GRAs) represent the types of remedial responses available for 
impacted media to meet performance standards.  The Site GRAs evaluated for revising the 
remedy in the Old Impoundment Area to address NAPL/groundwater include: 

Institutional Controls (ICs)/Engineering Controls (ECs) are intended to restrict exposure 
to impacted media.  ICs/ECs can include security measures, deed/land use restrictions, 
fences, and warning signs.  ICs/ECs, as a stand-alone remedial action, are appropriate 
where constituents are immobile, where the risk assessment does not identify constituents 
as potential future hazards, where the costs to implement remedial measures outweigh the 
benefits, or where the short-term risk to implement a technology outweighs the benefit.  
ICs/ECs will be considered for the Site in combination with other remedial technologies. 

Removal involves excavating DNAPL impacted soil and/or removal of DNAPL from 
groundwater followed by either on-site or off-site treatment and/or disposal to reduce risk.  
Removal does not provide treatment or reduce toxicity; therefore, it must be combined with 
treatment and/or disposal. 

Containment includes preventing direct exposure to impacted media and limiting 
constituent mobility.  Long-term, in-place management would be required with a long-term 
monitoring program.  Capping and engineered barriers are examples of containment. 

Disposal of excavated soil and/or sediment can be accomplished by removal and transport 
to an off-site facility.  Off-site disposal would involve transporting the material to an approved 
landfill. 

Treatment of impacted source areas involves applying chemical, biological, or physical 
processes to the subsurface to degrade, remove, or immobilize contaminants.  In-situ 
treatment technologies can include ISS, in-situ thermal desorption (ISTD), and MNA.  

The following section discusses the screening of remedial technologies based on the GRAs for 
applicability to the Site and the assembly of the applicable technologies into remedial 
alternatives. 
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6.0 TECHNOLOGY IDENTIFICATION/SCREENING AND ALTERNATIVE DEVELOPMENT 

6.1 IDENTIFICATION OF REMEDIAL TECHNOLOGY TYPES AND PROCESS OPTIONS 

Remedial technologies and corresponding process options are presented in Table 6-1. The 
following sections describe the technologies and identify those retained for further evaluation 
and combination into remedial alternatives.  Containment will not be carried forward for further 
evaluation since a similar technology, ISS, accomplishes the same objective but with the 
advantage of physical treatment and immediate immobilization of DNAPL.  

6.2 EVALUATION AND SCREENING OF TECHNOLOGIES 

Treatment effectiveness, implementability, and cost were considered in evaluating potentially 
applicable technologies: 

Effectiveness considers short-term effectiveness during remedial action and 
long-term effectiveness after the remedial action is completed. Remedial 
alternatives that do not meet performance standards will not be considered for 
detailed analysis. 

Implementability addresses the technical and administrative feasibility of 
implementing an alternative and the availability of various services and material 
required during its implementation. This criterion involves: 1) technical feasibility 
(construction, operation, reliability, ease of undertaking, and monitoring), 2) 
administrative feasibility (coordination among agencies for such items as 
permitting), and 3) availability of services and materials (treatment/disposal 
services, equipment, specialists, provisions, and technologies) (USEPA, 1988). 

Cost considers the order of magnitude of capital and operations and 
maintenance expenditures. Cost estimates are relative and not absolute. The 
procedure used is based on engineering judgment and site-specific information. 
Costs are provided on a low, moderate, and high basis. 

Based on these criteria the remedial technologies retained for further evaluation are 
summarized below. These technologies retained are further combined into remedial action 
alternatives in Section 6.3. 

ICs and ECs are retained for combination with other remedial technologies.  

Removal by recovery is retained for combination into alternatives. Removal by 
recovery includes the process options of gradient enhanced groundwater/DNAPL 
recovery and passive/non-automated DNAPL recovery. Gradient enhanced 
recovery is the current remedy in place at the Site and is retained as a process 
option for combination into a remedial alternative. 

Treatment is retained for combination into alternatives. Treatment process 
options retained for combination into remedial alternatives include the in-situ 
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thermal treatment (ISTT) process options of steam injection and electrical 
resistance heating (ERH) and the in-situ physical treatment process option of 
ISS. 

ISS is an in-situ remedial technology that has proven effective at other similar 
creosote sites.  Reagents are mixed with the soil to bind or encapsulate 
contaminants (e.g., portland cement, fly ash, and cement kiln dust), plus other 
agents designed to enhance the set/cure time and/or compressive strength of the 
solidified matrix.  This treatment substantially reduces leachability of the COCs 
and permeability of the solidified matrix (USEPA, 2000 and USEPA, 2009b).  ISS 
reagents are injected into the subsurface environment and typically mixed with 
the soil using augers.  ISS was retained as a representative process option for 
DNAPL in the Old Impoundment Area.  Contaminated soil, mobile DNAPL, and 
immobile residual within the treated area is bound into a monolith with very low 
permeability immediately upon completion of ISS.  The contaminants are 
exposed to a much lower bulk groundwater convection with greatly reduced 
groundwater contact.  The potential for leaching is therefore generally limited to 
the zone around the perimeter of the treated zone as demonstrated in the 
Northwest Corner. 

Steam injection and ERH process options have the potential to be effective at the 
site only if soil temperatures necessary to mobilize creosote DNAPL, and 
dissolved DNAPL constituents can be reached and suitably maintained over the 
necessary thermal treatment timeframe.  The practical heating limit of both of 
these technologies is the boiling point of water (~100°C).  A combination of 
heating technologies may be necessary to address both the higher permeability 
water bearing zones and the lower mobility, lower permeability portions of the 
water bearing zones (the interbedded and underlying clay and silt 
lenses/sediments).  Steam injection is best for enhancing stripping of 
constituents in higher permeability soil and the vadose zone.  ERH is better 
suited for heating deep DNAPL in less permeable soil.  The effectiveness of 
heating technologies will also be limited at this site by the depth of the 
groundwater column, the high rate of groundwater influx, and the high boiling 
point (above 200°C) of the naphthalene and other PAH creosote constituents 
comprising the bulk of the DNAPL. 

As naphthalene and other high-boiling point constituents will not be completely 
vaporized by heating at 100°C, treatment relies on other mechanisms such as 
DNAPL extraction, steam stripping to enhance volatilization, and enhanced 
aqueous solubilization.  The large volume of water (20-30 feet saturated 
thickness in the treatment area) is a large heat sink, and the cross-gradient flow 
represents a substantial potential heat loss, both through convection of heated 
water out of the area, and influx of new water to be heated.  This precludes 
application of thermal conduction heating with electrical heaters, which is the only 
conventional form of ISTT capable of heating the subsurface above 100°C by 
boiling off all water in the treatment zone.  These factors may also limit the 
temperatures that steam injection and ERH heating may be able to achieve in-
situ (already limited to ~100°C), and therefore limit the efficiency and degree of 
DNAPL treatment. 
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Beyond the technology limitations described above, the location of the Old 
Impoundment Area adjacent to the Barge Canal and Ashley River presents 
additional complications for implementation.  Technology limitations include but 
are not limited to: 

• Due to the shallow groundwater table in the Old Impoundment Area that 
can be less than 5 ft bgs, a cap would likely be required over the 
treatment zone to capture vapors and prevent excessive heat loss to 
ambient air; 

• Mobilization of DNAPL or DNAPL-constituents to wet portions of the 
Barge Canal and the Ashley River further down gradient of the OIA 
presents a significant risk.  To effectively capture mobilized fluids from the 
treatment zone near MW-102A, it may be necessary to fill in portions of 
the Barge Canal to match the grade of the OIA.  This would allow 
subsurface installation of multi-phase extraction elements and potentially 
containment barriers to prevent breakthrough of steam and/or vapors into 
the Barge Canal.  This would add design and implementation complexity 
including permitting requirements; 

• To accommodate the variable geology and differences in groundwater 
flux, a technology combination of steam injection and ERH would likely be 
necessary, which would likely involve multiple different thermal 
remediation vendors and add cost and complexity; 

• Extracted DNAPL, groundwater, and vapors would need to be treated 
above-ground through oil-water separation, activated carbon, and thermal 
oxidizer unit processes.  As on-Site injection of treated fluids is likely not 
feasible and discharge to the Ashley River would require extensive 
permitting and advanced treatment, all effluent wastes may require off-
Site disposal.  The total extracted fluids flow rate may be significant (>10 
gpm), in which case the logistics of disposing recovered fluids off-Site 
would be both difficult and costly.  Even if treated liquids could be 
discharged on-Site, extracted DNAPL and spent carbon would require off-
Site disposal.  The above-ground handling and treatment of hot fluids and 
significantly increased truck traffic for many months during treatment 
present health and safety concerns and increase cost and complexity; 
and 

• Natural gas supply would be required for the steam generator and 
thermal oxidizer, which would require extending the gas line 
approximately 2,000 ft from Oceanic Ave. to the Site.  This further 
increases cost and complexity as the alternative of trucking fuel on-Site is 
not practicable. 

Even if temperatures at the boiling point of water can be achieved and 
maintained (representing best possible application of steam injection and ERH), 
residual impacts in the soil will remain, and will continue to leach contaminant 
concentrations to groundwater following ISTT.  These contributing factors 
increase uncertainty and must be accounted for during remedial design and 
implementation. 
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Remedial alternatives are typically developed from the applicable remedial technologies and 
then screened again before detailed evaluation of the remedial alternatives.  Remedial 
alternatives developed for further screening are presented below. 

6.3 ALTERNATIVE DEVELOPMENT 

Alternatives are developed to assemble a range of distinct remedial options with the potential to 
achieve the performance standards. Remedial alternatives are developed by assembling 
combinations of the remedial technologies screened in Section 6.2. The remedial alternatives 
developed for further screening include:  

Alternative 1 Gradient-Enhanced Recovery, ICs and ECs (existing remedy) 

Alternative 2 ISS, ICs and ECs 

Alternative 3 Steam ISTT, ERH ISTT, ICs and ECs 

Alternative 1, Gradient-Enhanced Recovery, ICs and ECs is a continuation of the current ROD 
remedy in place at the Old Impoundment Area as described in Section 3.1.1.  Alternative 2, ISS, 
ICs and ECs is the proposed remedy presented in the RAWP (Amec Foster Wheeler 2015), as 
summarized in Section 3.2.1.  Stabilization/solidification is also already in place in the Northwest 
Corner. Alternative 3, Steam ISTT, ERH ISTT, ICs and ECs has been included to evaluate 
thermal treatment as a potential alternative technology based on its implementation at other 
sites with creosote and coal tar residuals.   

Prior to detailed analysis of the alternatives with respect to the nine CERCLA evaluation criteria, 
these three alternatives are further screened for effectiveness and their reasonable potential to 
meet performance standards through development of a groundwater flow and contaminant F&T 
model simulating each remedial alternative as described in the following section. 
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7.0 REMEDIAL ALTERNATIVES MODELING SUMMARY 

7.1 INTRODUCTION 

The primary objective of the groundwater modeling is to evaluate cleanup timeframes 
associated with the three remedial alternatives carried through for further screening in Section 
6:  (1) Gradient Enhanced Recovery, ICs and ECs; (2) ISS, ICs and ECs; and (3) thermal 
remediation (Steam ISTT, ERH ISTT, ICs and ECs). This was accomplished through 
development of a site-specific, numerical 3D model of groundwater flow and contaminant 
transport.  Flow and transport parameters were calibrated to current conditions, and then the 
effects of each remedy were simulated over a 100-year timeframe.  The modeling allows 
comparative analysis of the three alternatives in terms of meeting groundwater restoration goals 
and, more generally, minimizing the footprint of groundwater above restoration goals.  Transport 
modeling was performed for three creosote constituents in groundwater: benzene, naphthalene, 
and benzo(a)pyrene.  This section summarizes the modeling approach and results, including: 
input assumptions, calibration data, sensitivity analysis, and comparative evaluation of the three 
different remedial alternatives.  It is acknowledged that naphthalene does not have an ARAR for 
the Site; however, remedial alternatives analysis modeling was performed as naphthalene has 
the largest groundwater plume and is a leading indicator of groundwater contamination 
associated with creosote.  Naphthalene will not be used to delineate the TI zone. 

7.2 GROUNDWATER FLOW MODEL SETUP 

The flow modeling was performed with a 3D, finite difference groundwater flow model that uses 
the MODFLOW (Harbaugh et al, 2000) code to solve the finite-difference equations.  
MODFLOW is the industry standard for groundwater flow modeling.  The pre- and post-
processing software Processing Modflow version 8 (Simcore, 2011) was used to construct, 
calibrate, and display results from the model.  Calibration statistics were generated using the 
exact same MODFLOW model in the Groundwater Vistas version 6 software (ESI, 2011).  This 
section summarizes the setup of the model, including definition of the model domain (area), 
layer configurations and elevations, and assignment of boundary conditions to add and remove 
water from the model.  

7.2.1 Model Domain, Layering, and Gridding 

The model domain, or active model area, is presented on Figure 7-1 and is approximately 52 
acres in size.  The Ashley River forms the western boundary of the model, and the active 
domain extends approximately 2,000-3,000 feet inland to the east.  The eastern boundary was 
assigned along a groundwater elevation contour line developed for the RI, as explained in 
Section 7.2.2.  The northern boundary and southern boundaries are assigned approximately 
along the tidal marsh shorelines. 
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The model is divided into 5 active layers based on the geology observed on and off-Site (Figure 
7-2; see also Section 2.3.1): 

• Layer 1: SWBZ; 
• Layer 2: Shallow clay, which is discontinuous in the Old Impoundment Area; 
• Layer 3: IWBZ; 
• Layer 4: Top portion of confining gray clay; and 
• Layer 5: Bottom portion of confining gray clay. 

 
Model topography and bathymetry were obtained from the USGS National Elevation Dataset.  
Geologic layer elevations were determined based on a comprehensive review of historical 
boring logs at the Site.  The confining gray clay was sub-divided into two layers as the shallow 
portion had visible creosote impacts noted in the Old Impoundment Area boring logs.  The 
confining gray clay acts as a barrier to downward contaminant migration, and as such the 
underlying DWBZ and Cooper Marl are not simulated in the model.  The model grid spacing is 
set at a uniform 20 feet by 20 feet. 

7.2.2 Model Boundary Conditions 

Boundary conditions used in the model include no-flow boundaries, river boundaries, drain 
boundaries, general head boundaries, extraction wells, and recharge.  Model boundary 
conditions are depicted on Figure 7-1.  No-flow boundaries are barriers to groundwater flow that 
do not allow flow in or out of the model domain.  No-flow boundaries are assigned along small 
portions of the northern and southern model perimeter in Layer 1 where no river or drain 
boundaries are present, and approximately coincide with groundwater flow lines based on RI 
contour maps (see Figures 3-8 through 3-12 of ENSR (1995a)).  No-flow boundaries comprise 
the entire northern, western, and southern boundaries in Layers 2-5, and also the eastern 
boundaries in Layers 2, 4, and 5 where no general head boundaries are present.  Groundwater 
elevation contours are perpendicular to the northern and southern no-flow boundaries.  
Recharge was adjusted as part of the model calibration process and is therefore described in 
Section 7.3.  Assigned values for other boundary conditions are summarized below. 

River and Drain Boundaries: River boundaries are used to simulate the Ashley River.  River 
boundary conditions are head-dependent, meaning that flow in and out of the boundary cell is 
regulated by the difference in hydraulic head between the boundary cell and the adjacent 
aquifer. Where the aquifer head is greater than the boundary head, water will flow from the 
aquifer into the boundary, removing water from the model domain (gaining boundary). Where 
the boundary head is greater than the aquifer head, water will flow from the boundary into the 
aquifer, adding water to the model domain (losing boundary). Flow rates are calculated using a 
lumped conductance term, which is conceptually based on the river bed hydraulic conductivity, 
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length and width of the river, and the thickness of the river bed material (i.e. river sediments).  
Drain boundaries are used to simulate the Barge Canal and northern and southern tidal 
marshes.  Drain boundaries are also head-dependent and are very similar to river boundaries 
with the exception that drains can only remove water from the model.  If the head in the aquifer 
drops below the elevation of the drain, the drain will become detached from groundwater and 
effectively dry-up.  As the Barge Canal and marsh areas are variably wet based on tidal 
fluctuations, drains are more appropriate boundary conditions than rivers. 

The Ashley River is a tidal river with daily fluctuations of approximately six feet based on USGS 
gauge 021720869 in North Charleston (http://waterdata.usgs.gov/nwis/uv?site_no=021720869).  
In the model, the steady-state elevation of the Ashley River is assumed to be a uniform 1 foot 
above mean sea level (ft AMSL) due to the Site’s proximity to the Atlantic Ocean.  This is similar 
to the value of 2 ft used in historical modeling at the Site (see page 3-3 of Key, 2000).  Upland 
portions of the drain boundaries representing tidal marshes and the Barge Canal are assigned 
hydraulic head elevations of 2 ft AMSL.  Elevations incrementally drop to 1 ft AMSL at the drain 
confluences with the Ashley River. 

As concluded in the RI, the majority of groundwater at the Site discharges directly to the Ashley 
River rather than the marshes or the Barge Canal.  This observation is consistent with 
groundwater elevation contours produced for the RI that show negligible influence of the Barge 
Canal (see Figures 3-10 and 3-11 of the RI; ENSR (1995a)).  As the Barge Canal has continued 
to silt in for more than two decades since the RI, and the silting will continue into the future as 
part of the selected preferred remedy, the fraction of groundwater discharging to the canal is 
assumed to be negligible.  To reflect these conditions in the model, the conductance of the 
Ashley River is specified at 4,000 square feet per day (ft2/day), whereas drain cells are assigned 
lower conductance values of 0.4-100 ft2/day.  As there are no site-specific data on sediment 
conductance, these values were determined through the model calibration process to obtain a 
good fit between measured and observed hydraulic heads (see Section 7.3).  The calibrated 
parameters facilitate discharge of groundwater directly to the Ashley River areas as concluded 
in the RI.  

General Head Boundaries: General Head Boundaries (GHBs) are also head-dependent, with 
the rate of water exchange between the aquifer and the boundary calculated using a general 
conductance term.  As shown on Figure 7-1, GHBs are used to represent groundwater flowing 
into the model domain from the east.  The GHBs are present in the SWBZ (layer 1) and IWBZ 
(layer 3), and are omitted from the clay layers where negligible water inflow is assumed to 
occur.  The GHBs are drawn parallel to contour lines shown in Figure 3-10 of the RI (ENSR, 
1995a).  To reflect the upward gradient observed between the IWBZ and SWBZ, GHBs in layer 
1 are assigned a uniform elevation of 7 ft AMSL, while GHBs in layer 3 are assigned a uniform 
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elevation of 8 ft AMSL.  As the layer 1 GHB is located near a shallow groundwater divide 
between the Ashley River and Cooper River, a small amount of water is expected to flow 
through this boundary.  Low hydraulic conductance values (less than 0.5 ft2/day) are therefore 
assigned to the layer 1 GHBs.  As the Ashley River is the dominant hydraulic feature for deeper, 
regional groundwater flow, more flow is assumed to enter the model through the IWBZ, and 
higher conductance values are used (ranging from 100 to over 2,000 ft2/day).  As with the 
conductance of the river and drain cells, the head and conductance of the GHB cells were 
assigned in an iterative fashion as part of the model calibration process. 

Well Boundaries: Well boundaries are used to represent the four dual-phase extraction wells 
operating as part of the existing DNAPL recovery program (see Figure 7-1 for locations).  
Groundwater pumping rates assigned to the wells are as follows, based on average 2014 
measurements (Table 4 of the 2014 Annual Operations and Monitoring Report, FTS, 2015): 

• Layer 1 (SWBZ): EW-15S (0.11 gallons per minute), EW-16S (0.29 gpm), and EW-17S 
(0.18 gpm); 

• Layer 2 (IWBZ): EW-05I (0.26 gpm). 

7.3 STEADY-STATE CALIBRATION 

Model calibration is the process of finding a set of hydrogeologic parameters which produces a 
head distribution similar to field measurements. The former Koppers Superfund Site model was 
calibrated under steady-state (average, time-independent) conditions using field measurements 
obtained in June and December 2014 (Table 6 of the 2014 Annual Operations and Monitoring 
Report, FTS, 2015).  Target values for this calibration, representing the average of the June and 
December 2014 values, are presented in Table 7-1.  The primary parameters adjusted during 
the calibration were recharge and hydraulic conductivity, followed by boundary conditions.  The 
results of the calibration are summarized below.   

7.3.1 Model Parameters 

Recharge in MODFLOW represents water that infiltrates past the root zone and successfully 
reaches the water table.  Recharge is applied to the highest active model layer, which in this 
case is Layer 1 representing the SWBZ.  Recharge is expected to be low due to the high 
fraction of impervious or compacted surface at the Site.  Recharge was adjusted during model 
calibration in conjunction with hydraulic conductivity.  The calibrated recharge value was 1.8 
inches per year across the majority of the model domain.  Portions of the Old Impoundment 
Area with paved or compacted dirt surface were assigned zero net recharge to improve the 
calibration, as shown in Figure 7-2b. 
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Hydraulic conductivity varies by layer in the model, and model values of hydraulic conductivity 
were adjusted as part of the calibration process to obtain a good fit between observed and 
simulated hydraulic heads.  Calibrated values were then compared to historic slug test 
measurements to evaluate consistency.  The calibrated horizontal hydraulic conductivity values 
for each layer are summarized below, with zones for layers 1 and 2 presented on Figure 7-2b: 

• Layer 1: Calibrated horizontal hydraulic conductivity of the SWBZ ranges from 15 ft/day 
in the northern portion of the domain (approximately the northern third of the model) to 
30 ft/day in the southern portion of the domain around the Old Impoundment Area 
(approximately the southern two-thirds of the model, see Figure 7-2b).  This is 
consistent with historic slug test results which measured hydraulic conductivity up to 33 
ft/day (approximately 10-2 centimeters per second).  To evaluate uncertainty regarding 
the variability and range of hydraulic conductivity at the Site (see Figure 2-3 herein, and 
Table 2-1, Key, 2006), an alternative model calibration was performed using lower 
hydraulic conductivity as described in Section 7.4.5.  Vertical hydraulic conductivity is 
assigned as 1/10th of the horizontal values.  Based on post-remediation measurements, 
stabilized soils within the Northwest Corner are assigned a uniform horizontal and 
vertical hydraulic conductivity of 0.003 ft/day (approximately 10-6 centimeters per 
second (cm/s), see Table 3-2). 

• Layer 2: Horizontal hydraulic conductivity for the shallow clay is set at 0.5 ft/day, with 
vertical conductivity at 0.05 ft/day.  Areas in the Old Impoundment Area where the 
shallow clay is absent are assigned a horizontal conductivity of 3 ft/day, and a vertical 
conductivity of 0.1 ft/day (see Figure 7-2b). 

• Layer 3: Horizontal hydraulic conductivity is set to a uniform value of 30 ft/day, with 
vertical conductivity set at 3 ft/day. 

• Layers 4 and 5: Horizontal hydraulic conductivity is set at a uniform value of 0.1 ft/day, 
with vertical conductivity set at 0.01 ft/day. 
 

Effective porosity was not adjusted during the calibration since it does not affect the steady-
state heads distribution, and instead was set at 20% for the entire model domain, with the 
exception of the stabilized Northwest Corner in Layer 1.  To reflect the S/S remedy completed in 
the Northwest Corner the effective porosity is reduced to 2% in this area.  It is noted that the 
true effective porosity for the clay layers (2, 4, and 5) will likely be lower than 20%; however, the 
net effect of this on contaminant transport would be minor as the increase in seepage velocity 
would be balanced by a corresponding increase in retardation at the same scale.  As there are 
no site-specific data on effective porosity, the parameter was further evaluated through 
sensitivity analysis as presented in Section 7.4.4.4.  Additional discussion on transport 
parameters, including effective porosity, is presented in Section 7.4.1.2. 

7.3.2 Simulation Results and Calibration Statistics 

The calibrated potentiometric surface is presented on Figure 7-3 for Layers 1 and 3.  Contour 
lines are consistent with historical potentiometric surface maps (see Figures 3-8 through 3-12 of 
ENSR (1995a)), with a flow moving towards the Ashley River for discharge.  Also consistent 
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with observed data, there is an upward gradient between the IWBZ and the SWBZ. A plot of 
observed versus simulated target values of hydraulic head is included as Figure 7-4, and shows 
general linear agreement between the two data sets.  Individual residual errors for the 
calibration targets are presented on Table 7-1.  Model calibration summary statistics are 
provided on Table 7-2.  The absolute residual mean error for the model domain is 0.51 feet, 
while the scaled root mean square error (RMSE) is 12%.  The scaled RMSE is near the 
conventional rule of thumb calibration metric of 10%, indicative of acceptable calibration, 
especially considering the short-range variability in observed heads in the Old Impoundment 
Area and the Northwest Corner.  The overall residual mean of -0.04 feet indicates the no 
significant bias is present. Calibration residuals are also plotted on Figure 7-3, for reference. 

In summary, the model creates heads and flow directions consistent with historical 
observations, and as such is a usable tool in evaluating and comparing effects of remedial 
scenarios.  A sensitivity analysis (see Section 7.4.4) was performed to assess the effect of 
various flow parameters on transport model results. 

7.4 FATE AND TRANSPORT MODELING 

Separate F&T models are developed for benzene, naphthalene, and benzo(a)pyrene.  The code 
MT3DMS (Zheng and Wang, 1999) was used for the modeling, applying dual-domain mass 
transfer with sorption.  The dual-domain framework was used to enable simulation of a separate 
DNAPL phase representing creosote.  This DNAPL phase is incapable of flowing in the model 
regardless of saturation, as conceptualized by the code and termed the “immobile domain”.  
Constituents move from the DNAPL phase to the dissolved phase through use of a mass 
transfer coefficient that was adjusted to approximate measured groundwater concentrations 
around the DNAPL areas.  Other F&T parameters used in the modeling are dispersion, 
retardation, dissolved-phase biodegradation, and diffusion.  These parameters were similarly 
adjusted to approximate observed conditions, and then the model was used to evaluate the 
relative performance of the three remedial alternatives carried through from Section 6 over 100-
year time periods.  The methods and results of this F&T modeling are described below. 

7.4.1 Model Parameters 

7.4.1.1 Source Zone and Initial Concentration Specification 

In the Old Impoundment Area, contaminant source zones are assigned to delineated mobile 
DNAPL areas in the SWBZ (Layer 1) and IWBZ (Layer 3), as shown in Figure 7-5.  Contaminant 
source materials were also applied to Layer 4 using the same footprint as the IWBZ based on 
historical boring logs that noted the presence of residual creosote soil staining in the shallow 
portion of the gray clay.  DNAPL or residual soil staining was not assigned to Layer 2 as the 
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extent of smear zone impacts in the discontinuous, thin shallow clay are more uncertain.  There 
is likely some residual soil staining in this shallow clay; however, for modeling purposes it was 
excluded from the model to better focus on fate and transport within the SWBZ and IWBZ.  In 
the Northwest Corner, the contaminant source zone is applied to Layer 1 only, as shown in 
Figure 7-5.  The dual-domain framework in MT3DMS requires specification of a porosity of the 
immobile domain (or total volumetric fraction conceptually representing the DNAPL saturation), 
an aqueous concentration of the constituent in the immobile phase (conceptually representing 
the concentration of the constituent within DNAPL), and a mass-transfer rate from the immobile 
phase to the dissolved phase in groundwater.  For all modeled constituents in the Old 
Impoundment Area, the volumetric fraction of the DNAPL phase is assumed to be 6%, 
representing 30% saturation of the 20% effective porosity value.  The 30% saturation value 
represents a conservatively low saturation for mobile or contiguously pooled DNAPL that is 
capable of flowing in the subsurface and is currently being pumped at extraction wells.  Mobile 
DNAPL saturation is reported to range from 30-80% (USEPA, 2009, see page 1 of paper 
included in Attachment A).  DNAPL saturations represent a variable continuum that can never 
be exactly characterized throughout the Site.  Using a conservatively low saturation to avoid 
over-predicting the extent of the resulting groundwater plume is therefore a defensible 
approach.  For the stabilized S/S area in the Northwest Corner, the DNAPL is assumed to be a 
reduced volumetric fraction of 0.6%, or one order of magnitude lower. 

Aqueous concentrations within DNAPL are based on RI data for naphthalene and 
benzo(a)pyrene from MW-09I, which was comprised of 11% naphthalene and 0.05% 
benzo(a)pyrene by weight (Table 4-40, RI Report, ENSR, 1995a).  As benzene was not 
analyzed within DNAPL, an assumed percentage of 0.02% was used based on experience at 
other sites.  These percentages were converted to aqueous concentrations using an assumed 
creosote density of 1.064 grams per cubic centimeter (g/cc) based on Neuhauser et al, 2009 
(see page 69 of paper included in Attachment A).  The resulting DNAPL-phase aqueous 
concentrations are 117,000,000 ug/L for naphthalene, 532,000 ug/L for benzo(a)pyrene, and 
213,000 ug/L for benzene.  Measured NAPL densities from the OIA reported on Figure 9 of Key, 
2008 were 1.1062 g/cc at EW-16S and 1.1033 g/cc at EW-5I.  The lower density value reported 
in Neuhauser et al, 2009 was used instead of the Key, 2008 measurements as a conservative 
measure to introduce less contaminant mass to the model (i.e. higher NAPL density yields more 
contaminant mass). 

The mass transfer coefficient and initial dissolved concentrations in groundwater in and around 
the DNAPL areas (needed to initialize the simulation) were used as calibration parameters to 
approximately match monitoring well observations around the DNAPL areas.  In the Old 
Impoundment Area, initial concentration and mass transfer coefficients were adjusted to 
approximately match detections at MW-102A and MW-102B, MW-05I, and MW-201S.  In the 
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Northwest Corner, initial concentration and mass transfer coefficients were adjusted to 
approximately match detections at MW-01SR and MW-111R.  The range of these values used 
in the model are summarized below by constituent.  Source zone and initial concentration 
values used in the model are also summarized in Table 7-3.  Table 4-1 provides a 
comprehensive summary of post-RI groundwater quality data for benzene, benzo(a)pyrene and 
naphthalene in monitoring wells within the Old Impoundment Area and Northwest Corner. 

Benzene: In the Old Impoundment Area, mass transfer coefficients in the NAPL source range 
from 2.5E-09 day-1 to 2.5E-05 day-1, and the initial dissolved phase concentration in 
groundwater ranges from 20 to 5,000 ug/L.  A lower maximum concentration of 2,000 ug/L was 
used in sensitivity analyses to ensure the 5,000 ug/L value was not biasing the simulated 
benzene plumes, and because the 90th percentile value reported by Kiilerich and Arvin (1996) 
for benzene at creosote sites was 3,500 ug/L (see Table 1 of paper included in Attachment A).  
In the Northwest Corner, mass transfer coefficients in the NAPL source range from 5E-10 day-1 
to 5E-09 day-1, and the initial dissolved phase concentration in groundwater is 10 ug/L in the 
stabilized area.  For benzene and other constituents the adjusted mass transfer parameter is 
generally lower for the Northwest Corner than the Old Impoundment Area, consistent with the 
stabilization/solidification of the Northwest Corner.  

Naphthalene: In the Old Impoundment Area, mass transfer coefficients in the NAPL source 
range from 5E-11 day-1 to 5E-08 day-1, and the initial dissolved phase concentration in 
groundwater ranges from 150 to 15,500 ug/L (the higher concentration representing 
approximately ½ of solubility reported in Table 1 of Neuhauser et al, 2009).  In the Northwest 
Corner, mass transfer coefficients in the NAPL source range from 5E-10 day-1 to 5E-09 day-1, 
and the initial dissolved phase concentration in groundwater ranges from 20 to 2,000 ug/L. 

Benzo(a)pyrene: In the Old Impoundment Area and the Northwest Corner, initial dissolved 
concentrations of 4 ug/L are used, representing the solubility of benzo(a)pyrene reported in 
Table 1 of Neuhauser et al, 2009.  Mass transfer coefficients in the DNAPL in the Old 
Impoundment Area are set at a uniform value of 5E-08 day-1, and in the Northwest Corner range 
from 5E-10 day-1 to 5E-09 day-1. 

7.4.1.2 Fate and Transport Parameters 

F&T parameters (dispersion, retardation, dissolved-phase biodegradation, and diffusion) are 
assigned to all areas of the model domain, including DNAPL areas. Due to the small plumes 
created by the creosote, a low longitudinal dispersivity of 1 ft is assigned to the entire domain.  
By modeling convention, transverse dispersivity is calculated at 1/10th of longitudinal 
dispersivity, and vertical dispersivity is calculated as 1/10th of transverse dispersivity. 
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The retardation coefficient (R) is the scaling factor by which contaminant transport velocity is 
reduced relative to groundwater velocity due to adsorption on the soil matrix, and is represented 
by the following equation: 

𝑅𝑅 = 1 +
ρbKocfoc

𝑛𝑛  

where:  

• ρb is the soil bulk density, assumed to be a typical value of 1.8 kilograms per liter (kg/L) 
across the model domain. 

• Koc is the octanol-water partitioning coefficient for the contaminant being modeled. 
• foc is the fraction of organic carbon in soil, which may be high in the Old Impoundment 

Area due to the close proximity of the Site to wetland areas.  It is possible that the soil 
has a high organic silt content as a result. 

• n is the soil porosity, for which the uniform effective porosity of 20% is used.  This value 
is typical of sand (Figure 1.21 of Kresic, N., 2007).  It is acknowledged that the effective 
porosity of the clay layers is likely much lower; however, the effective porosity of 20% 
was maintained throughout the model as a conservative measure to avoid inflating the 
retardation coefficient. 

The product of Koc*foc is known as the distribution coefficient (Kd), which is the parameter 
assigned to the model.  There is considerable variation in octanol-water partitioning coefficients 
in literature.  Example octanol-water partitioning coefficients obtained from Table 38 of USEPA, 
1996 (included in Attachment A) are: 66 L/kg for benzene, 1,231 L/kg for naphthalene, and 
1,166,733 L/kg for benzo(a)pyrene.  Based on these values, retardation will be relatively low for 
benzene, high for naphthalene, and extremely high for benzo(a)pyrene.  Soil partitioning for 
benzo(a)pyrene makes the constituent generally immobile, which will be demonstrated through 
the model simulation.  To initialize the fate and transport model, a foc value of 1% is used to 
calculate preliminary distribution coefficient values.  This is consistent with the range of foc 
values reported from soil borings in the OIA and NWC of 0.38% to 4.4% (see Table 3-5 of Key, 
2000a). Distribution coefficients are then adjusted as calibration parameters for each constituent 
to better match the observed distribution of constituents around the OIA.  Final calibrated Kd 
values are presented on Table 7-4.  An alternative model calibration using a lower foc value of 
0.1% was also performed as described in Section 7.4.5 to reflect the possibility that certain 
values reported in Table 3-5 of Key, 2000a were biased high due to the presence of creosote. 

Dissolved-phase biodegradation rates are also used as calibration parameters to approximately 
match observed concentrations in groundwater, but are kept within the range of values 
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published in literature (see references below by constituent).  No degradation of constituents is 
assumed to occur in the adsorbed phase.  Dissolved-phase degradation rates in the model are 
as follows, by constituent:  

Benzene: Uniform degradation rate of 0.012 day-1 (half-life of 58 days) outside of NAPL source 
areas over the majority of the model domain, decreasing to 0.0012 day-1 (half-life of 580 days) 
within most of the NAPL source area.  This is consistent with the range of values published in 
Newell et al, 2002 (see Figure 4 of paper included in Attachment A).  

Naphthalene: The calibrated degradation rate varies from 0.003 day-1 to 0.005 day-1 (half-life of 
139 to 231 days).  This is consistent with the half-life range of 18 to 480 days published in 
Durant et al, 1994 (as reported in ATSDR, 2005, see page 183 of paper included in Attachment 
A), and is lower than the half-life value of 584 days (1.6 years) reported on page 73 of 
Neuhauser et al, 2009 (see Attachment A). 

Benzo(a)pyrene: As literature values of benzo(a)pyrene are not readily available due to the 
difficulty of detecting the constituent in groundwater, degradation rates in the model are the 
same as those of naphthalene, with the exception of the Old Impoundment Area DNAPL area in 
Layer 1.  To reflect the general recalcitrance of benzo(a)pyrene, a lower rate constant of 0.0003 
day-1 is used in this area (half-life of 2,310 days). 

Retardation coefficient parameters and decay/biodegradation half-lives used in the modeling are 
summarized on Table 7-4.  The water diffusion coefficient for all constituents is set to 0.0009 
ft2/day (approximately 0.00001 cm2/s), based on the reported values on Table 37 of USEPA, 
1996 (see paper in Attachment A) that are very similar for all three constituents. 

7.4.2 Northwest Corner Long-Term Modeling 

As described in Section 3.1.2, an S/S remedy was applied to the Northwest Corner to stabilize 
creosote-impacted materials. While the remedy was effectively applied, a halo of dissolved-
phase concentrations persists as evidenced by detections of benzene and naphthalene at MW-
01SR and MW-111R.  Naphthalene concentrations at both locations persist above the drinking 
water advisory of 100 ug/L, and benzene is sporadically detected above its MCL at MW-111R 
(see Table 4-1 and Figure 4-10).  Additionally, benzo(a)pyrene is routinely detected at MW-
01SR above its MCL.  To evaluate the long-term behavior of dissolved-phase constituents, and 
to help verify the overall transport modeling approach, simulations were run for benzene, 
naphthalene, and benzo(a)pyrene 100 years into the future in the Northwest Corner.  The 
results of these simulations are summarized below by constituent. 
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Benzene: The F&T model predicts that low-level benzene detections will persist for many 
decades as a small halo around the stabilized mass.  This is consistent with data collected since 
implementation of the S/S remedy.  The F&T model calculates that benzene concentrations 
remain above the MCL of 5 ug/L for approximately 50 years in portions of the Northwest Corner.  
After 100 years, concentrations at MW-01SR and MW-111R are predicted to be below the MCL, 
as shown on Figure 7-6 (plan view) and Figure 7-7 (graph for well MW-01SR).  However, 
measured concentrations at MW-111R have fluctuated over the past 10 years above and below 
the MCL, indicating that conditions are more variable than the smooth dissolution curve 
generated by the model.  It is therefore possible that benzene concentrations in the Northwest 
Corner may remain above the MCL for longer than the approximate 50 year period predicted by 
the model.  The modeled detectable levels below the MCL after 100 years may translate to a 
smaller area and lesser frequency of MCL exceedances, but the possibility remains that spot 
detections above the MCL will occur 100 years from now.  In summary, the model indicates that 
periodic benzene detections above the MCL (as observed at MW-111R in 2012 and MW-01SR 
in 2015) may continue for at least 50 years in the Northwest Corner. 

Naphthalene: The F&T model predicts that concentrations at MW-01SR and MW-111R will 
decrease very slowly and remain above the USEPA drinking water health advisory of 100 ug/L 
after 100 years.  Over 100 years, concentrations at MW-01SR are predicted to drop from 1,500 
ug/L to approximately 1,430 ug/L, while concentrations at MW-111R are predicted to drop from 
200 ug/L to approximately 140 ug/L.  These results are also presented on Figure 7-6 (plan view) 
and Figure 7-7 (graph for well MW-01SR). 

Benzo(a)pyrene: As shown on Figure 7-6 (plan view) and Figure 7-7 (graph for well MW-
01SR), benzo(a)pyrene concentrations remain stable after 100 years due to its very high 
distribution coefficient, which limits dissolution from DNAPL and degradation in the dissolved-
phase.  Benzo(a)pyrene has very low mobility in groundwater and is expected to persist above 
its MCL where DNAPL is present.  Note that MW-01SR is located in the halo of benzo(a)pyrene 
immediately outside the stabilized NAPL area.  The halo dissipates very rapidly with a sharp 
gradient, which is why on Figure 7-6 (plan view) the concentration appears to be approximately 
4 ug/L, whereas on Figure 7-7 (graph) presents the more precise modeled concentration of 
approximately 3 ug/L at MW-01SR. 

In summary, groundwater concentrations of naphthalene are predicted to persist above the 
USEPA drinking water health advisory of 100 ug/L and concentrations of benzo(a)pyrene are 
predicted to persist above its MCL for more than 100 years.  Detections of benzene are 
predicted to persist for over 100 years, with concentrations above the MCL (as are periodically 
observed at MW-01SR and MW-111R) continuing for approximately 50 years.  When 
considering these model results and the variability of benzene concentrations observed in the 
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NWC, it is possible that sporadic detections above the MCL may occur for a much longer period 
than 50 years.  The modeling results are consistent with thirteen years of data collected since 
the S/S implementation that shows stable trends, and supports the determination that full 
restoration of groundwater to drinking water criteria in the Northwest Corner is technically 
impracticable. 

7.4.3 Old Impoundment Area Remedial Alternatives Modeling 

7.4.3.1 Alternative 1: Gradient Enhanced Recovery, ICs and ECs 

Similar to the Northwest Corner long-term simulation described in Section 7.42, modeling of the 
Old Impoundment Area remedial Alternative 1 involves continuation of current remedial 
activities in the model for a 100-year period.  This consists of groundwater and DNAPL 
extraction at the four dual-phase recovery wells at a combined total flow rate of 0.84 gpm.  This 
modeling scenario represents the status-quo for site conditions, and as such was used to 
calibrate F&T parameters to approximately match the range of observed concentrations within 
the past ten years of data collection.  The results of the Alternative 1 simulation are described 
below by constituent. 

Benzene: Predicted concentration contour maps for the SWBZ, IWBZ, and top portion of 
confining gray clay (Layer 4) at time 0 (initial concentrations), 10 years, 50 years, and 100 years 
are presented in Figures 7-8a, 7-8b, and 7-8c.  Time-series concentration graphs for key Old 
Impoundment Area monitoring wells are presented in Figure 7-9.  As shown by the figures and 
graphs, the F&T model predicts that benzene detections will persist above the MCL as a 
dissolved plume for over 100 years.  The graphs in Figure 7-9 show that the magnitude of 
detections predicted at monitoring wells reasonably match the range of observed concentrations 
within the past 10 years.  For example, MW-102A has detections in the tens of ug/L that are 
declining slowly both in observed measurements and in the model, while MW-05I exhibits the 
same pattern but in the hundreds of ug/L.  Due to the low permeability of the confining gray clay, 
benzene is relatively immobile in Layer 4, with only a minor dissolved halo extending past the 
DNAPL area.  The most extensive plume is predicted for the IWBZ, consistent with data that 
show higher benzene concentrations at MW-05I and MW-102B than in the SWBZ. 

Naphthalene: Predicted concentration contour maps for the SWBZ, IWBZ, and top portion of 
confining gray clay (Layer 4) at time 0 (initial concentrations), 10 years, 50 years, and 100 years 
are presented in Figures 7-10a, 7-10b, and 7-10c.  Time-series concentration graphs for key 
Old Impoundment Area monitoring wells are presented in Figure 7-11.  As shown by the figures 
and graphs, the F&T model predicts that naphthalene detections will persist above the USEPA 
drinking water advisory level of 100 ug/L for over 100 years.  The SWBZ naphthalene plume is 
larger than that of benzene, and extends westward just beyond monitoring wells MW-103A and 
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MW-07-2S.  This is due to the greater naphthalene mass present in DNAPL and the lower 
degradation rate compared to benzene outside of the NAPL zone.  In the past two years MW-
103A has been non-detect for naphthalene, and the modeling suggests that the plume may 
reach MW-103A or its immediate vicinity in the near future.  The graphs in Figure 7-11 show 
that the magnitude of detections predicted at monitoring wells reasonably matches the range of 
observed concentrations within the past 10 years.  For example, concentrations at MW-102A 
and MW-201S persist in the thousands of ug/L in the model, which is consistent with monitoring 
data. 

Benzo(a)pyrene: Predicted concentration contour maps for the SWBZ, IWBZ, and top portion 
of confining gray clay (Layer 4) at time 0 (initial concentrations), 10 years, 50 years, and 100 
years are presented in Figures 7-12a, 7-12b, and 7-12c.  Time-series concentration graphs for 
key Old Impoundment Area monitoring wells are presented in Figure 7-13.  As with the 
Northwest Corner simulation, benzo(a)pyrene concentrations remain stable after 100 years due 
to its very high distribution coefficient, creating only a minor dissolved halo around DNAPL 
areas. 

In summary, the current concentrations and observed plumes around the Old Impoundment 
Area DNAPL areas are expected to persist for a period greater than 100 years, with on-going 
DNAPL dissolution and relatively slow attenuation in the dissolved phase.  The naphthalene 
plume is predicted to expand slightly, while benzo(a)pyrene is essentially immobile and 
unchanging.  As discussed in Section 6, thermal remediation at the boiling point of water will be 
generally ineffective at removing benzo(a)pyrene adsorbed to the soil matrix.  Similarly, ISS of 
benzo(a)pyrene is not necessary to restrict its mobility.  For these reasons benzo(a)pyrene was 
not simulated for remedial alternatives 2 (ISS) and 3 (thermal).  Benzo(a)pyrene will remain in 
DNAPL areas indefinitely and continue to be difficult to detect in groundwater due to reporting 
limits that are greater than the constituent’s MCL.  Remediation of benzo(a)pyrene to drinking 
water standards is therefore technically impracticable, as it is known to exist in DNAPL based 
on RI data and detections in MW-01SR.  Modeling of Alternative 2 and Alternative 3 will 
therefore focus on evaluating the incremental benefits of ISS and in-situ thermal remediation 
versus the 100-year plumes predicted for Alternative 1. 

7.4.3.2 Alternative 2: ISS, ICs and ECs 

Modeling of ISS in the Old Impoundment Area was simulated in the model by making the 
following changes to the Alternative 1 simulation: 

• Horizontal and vertical hydraulic conductivity in the ISS areas in Layers 1-3 was reduced 
to 0.003 ft/day (approximately 10-6 cm/s); 
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• Effective porosity in the ISS areas was reduced to 2%; 
• Constituent mass transfer from the DNAPL phase to the dissolved phase was reduced to 

a uniformly low value of 5E-12 day-1 to reflect the significant loss in transfer capacity due 
to the lack of contact between flowing water and DNAPL in the stabilized mass; and 

• Cessation of DNAPL and groundwater extraction at recovery wells. 

The hydraulic conductivity and effective porosity values assigned to the ISS area are 
assumptions that are further evaluated through sensitivity analysis (Section 7.4.4).  Figure 7-14 
shows predicted hydraulic effects of the ISS implementation on local groundwater flow 
directions and gradients.  The results of the Alternative 2 simulations for benzene and 
naphthalene are described below by constituent. 

Benzene: Predicted concentration contour maps for the SWBZ, IWBZ, and top portion of 
confining gray clay (Layer 4) at time 0 (initial concentrations), 10 years, 50 years, and 100 years 
are presented in Figures 7-15a, 7-15b, and 7-15c.  Time-series concentration graphs for key 
Old Impoundment Area monitoring wells are presented in Figure 7-16.  As shown by the figures 
and graphs, the F&T model predicts that the benzene plume may expand slightly in the northern 
portion of the SWBZ DNAPL area after implementation of ISS due to locally altered groundwater 
flow conditions, but that the plume will then recede to form a small halo around the stabilized 
DNAPL that will persist for over 100 years.  The down-gradient extent of the Alternative 2 plume 
is significantly smaller than the Alternative 1 plume after 100 years, especially for the IWBZ.  
This indicates the ISS remedy will reduce the aerial footprint of the Site with concentrations 
above MCLs relative to the current remedy. 

Naphthalene: Predicted concentration contour maps for the SWBZ, IWBZ, and top portion of 
confining gray clay (Layer 4) at time 0 (initial concentrations), 10 years, 50 years, and 100 years 
are presented in Figures 7-17a, 7-17b, and 7-17c.  Time-series concentration graphs for key 
Old Impoundment Area monitoring wells are presented in Figure 7-18.  As shown by the figures 
and graphs, the F&T model predicts that minor expansion of the SWBZ naphthalene plume may 
occur down-gradient of MW-102A in 100 years.  However, the extent of the SWBZ plume is 
smaller than that of Alternative 1, particularly in the direction of MW-07-02S.  The ISS more 
significantly reduces the extent of the 100 ug/L plume in the IWBZ, with the highest 
concentrations remaining around MW-05I. 

In summary, F&T simulations indicate that implementation of Alternative 2 (ISS) will significantly 
reduce the overall footprint of groundwater above the benzene MCL and naphthalene drinking 
water health advisory concentration.  Changes are most notable for the IWBZ.  As expected, a 
halo of dissolved concentrations is predicted to form around the stabilized mass, with the 
naphthalene halo larger than the benzene halo over a 100-year period.  The persistence of 
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dissolved-phase impacts over 100-years post remedy implementation indicates restoration to 
ARAR standards is technically impracticable.  However, ISS is preferable to Alternative 1 as it 
reduces the overall extent of impacted groundwater and consequently the TI zone. 

7.4.3.3 Alternative 3: Steam ISTT, ERH ISTT, ICs and ECs 

Modeling of ISTT in the Old Impoundment Area was simulated in the model by significantly 
reducing the mass of contaminants present in both the dissolved and DNAPL phases, and by 
increasing the DNAPL mass transfer coefficient to reflect additional contact between flowing 
groundwater and DNAPL at a much lower saturation post-thermal remediation.  The following 
specific changes were made to the Alternative 1 simulation to represent application of ISTT: 

• Initial dissolved phase concentrations were reduced by 90%; 
• Initial concentrations within the DNAPL phase were reduced by 99%; 
• DNAPL saturation was reduced from 30% to 5%, the latter of which represents the 

typical lower limit of residual saturation (see page 1 of USEPA, 2009a); 
• Constituent mass transfer from the DNAPL phase to the dissolved phase was increased 

by two orders of magnitude; and 
• Cessation of DNAPL and groundwater extraction at recovery wells. 

The above remedial performance assumptions are consistent with a study of 14 thermal 
remediation sites by Kingston et al, 2010.  However, it is noted that there are a number of site-
specific conditions that challenge the successful application of ISTT which may reduce mass 
removal performance compared to the Kingston et al, 2010 case study sites (see Section 6).  
The mass removal assumptions for this model scenario are therefore considered optimistic and 
in reality less mass removal would likely be achievable. 

The results of the Alternative 3 simulations for benzene and naphthalene are described below 
by constituent. 

Benzene: Predicted concentration contour maps for the SWBZ, IWBZ, and top portion of 
confining gray clay (Layer 4) at time 0 (initial concentrations), 10 years, 50 years, and 100 years 
are presented in Figures 7-19a, 7-19b, and 7-19c.  Time-series concentration graphs for key 
Old Impoundment Area monitoring wells are presented in Figure 7-20.  As shown by the figures 
and graphs, the F&T model predicts that concentrations in the SWBZ will drop below the MCL 
within 50 years of remedy completion.  However, portions of the IWBZ will remain above the 
MCL after 100 years, although the overall area above MCLs is less than those of Alternatives 1 
and 2.  It is assumed that ISTT would not be applied to the confining gray clay (Layer 4) which 
underlies IWBZ due to implementability challenges and the comparatively low mobility of 
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contaminants in this layer, and as such concentrations in these low-permeable clay sediments 
will remain above the MCL with a small halo around the assigned DNAPL zone.   

Naphthalene: Predicted concentration contour maps for the SWBZ, IWBZ, and top portion of 
the confining gray clay (Layer 4) at time 0 (initial concentrations), 10 years, 50 years, and 100 
years are presented in Figures 7-21a, 7-21b, and 7-21c.  Time-series concentration graphs for 
key Old Impoundment Area monitoring wells are presented in Figure 7-22.  As shown by the 
figures and graphs, the F&T model predicts that rebound of the naphthalene plume will occur 
after remediation due to on-going dissolution of residual concentrations.  However, due to 
extensive mass removal the magnitude and extent of the plume will be considerably smaller 
than Alternative 1 in both the SWBZ and IWBZ.  Additionally, when compared to Alternative 2, 
portions of the DNAPL areas are predicted to reach cleanup levels within 100 years.  
Regardless, the overall aerial footprint above the drinking water advisory of 100 ug/L is greater 
for Alternative 3 than for Alternative 2, which is minimized through stabilization.  It is assumed 
that ISTT would not be applied to the confining gray clay represented by model Layer 4, and as 
such concentrations remain above the drinking water advisory around the DNAPL zone. 

In summary, F&T simulations indicate that while implementation of Alternative 3 (ISTT) may 
reduce benzene concentrations below the MCL for the SWBZ, portions of the IWBZ will likely 
remain above the benzene MCL for over 100 years.  Due to the high initial concentrations and 
general recalcitrance of naphthalene, plume rebound is predicted to occur after ISTT, and the 
100-year area above the naphthalene drinking water health advisory for Alternative 3 is greater 
than that of Alternative 2 (ISS). As discussed in Section 7.4.3.1, benzo(a)pyrene was not 
simulated for remedial Alternatives 2 (ISS) and 3 (ISTT) because the Alternative 1 simulation 
shows it is essentially immobile due to its very high distribution coefficient (Kd).  As a result, ISS 
offers limited incremental benefit with respect to benzo(a)pyrene immobilization (it is already 
immobile).  ISTT at the boiling point of water is expected to have limited effectiveness on 
benzo(a)pyrene, and whatever residual levels remain following remediation will still be subject to 
very strong adsorption and be immobile in groundwater.  Therefore, there is no benefit to 
including simulations of benzo(a)pyrene transport for Alternatives 2 and 3 as the outcome is 
already known: benzo(a)pyrene will remain in DNAPL areas indefinitely and continue to be 
difficult to detect in groundwater due to reporting limits that are greater than the constituent’s 
MCL.  Remediation of benzo(a)pyrene to drinking water standards is therefore technically 
impracticable, as it is known to exist in DNAPL based on RI data and detections above MCL in 
MW-01SR.   
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7.4.4 Sensitivity Analysis 

Sensitivity analysis is an important aspect of groundwater modeling, during which the relative 
influence of certain parameters on model results can be assessed.  The sensitivity analysis for 
the Koppers model focuses on how model parameters change the results of the flow calibration 
and the Alternative 2 (ISS) fate and transport simulations, using benzene as the indicator 
parameter.  Six sensitivity analysis scenarios were completed for the model evaluating: 
recharge, hydraulic conductivity, dissolved-phase biodegradation, hydraulic conductivity of the 
ISS monolith, effective porosity of the ISS monolith, and the influence of residual soil staining or 
diffused DNAPL in the gray clay (layer 4).  For each sensitivity scenario the maximum initial 
benzene concentration was reduced to 2,000 ug/L to ensure that the cells with initial 
concentration of 5,000 ug/L for the initial model did not bias the plume to be large.  The 
maximum concentration of 2,000 ug/L is significantly below the 90th percentile value of 3,500 
ug/L reported on Table 1 of Kiilerich and Arvin (1996) for benzene at creosote sites.  The value 
is also closer to the maximum detection in the OIA of 1,020 ug/L at MW-201S (see Table 4-1).  
It is assumed that concentrations are likely higher within the DNAPL area itself, where no 
dissolved benzene concentration data are available. 

The results of the sensitivity analysis scenarios are summarized below.  The effects of lower 
adsorption on the model were analyzed as part of an alternative calibration model described in 
Section 7.4.5. 

7.4.4.1 Sensitivity Analysis 1: Recharge 

The steady-state flow calibration (Section 7.3) indicates groundwater recharge at the Site is low 
(1.8 inches/year or less), which is consistent with the high-fraction of impervious and compacted 
ground cover.  In comparison, regional USGS modeling of the NC and SC Coastal Plain uses 
surficial aquifer recharge rates of 3-5 inches/year (see pages 8-9 of Chapter A of Campbell and 
Coes, 2010).  However, local recharge rates across the SC Coastal Plain can be much higher 
depending on site-specific conditions.  To evaluate calibration and Alternative 2 transport results 
for higher recharge values, a sensitivity analysis scenario was run increasing recharge to 
approximately 9 inches/year across the entire model domain.  This equates to an approximate 
5X increase in recharge to approximately 20% of annual precipitation (48 inches/year as 
reported by Campbell and Coes, 2010 (page 8, Chapter A)). 

The effects of the 5X recharge increase on the model calibration are depicted on Figure 7-23, 
which is a plot of observed versus simulation hydraulic heads for both the calibrated model and 
the high-recharge model.  Increasing recharge introduces an over-predicting bias, with the 
groundwater model heads becoming too high.  This is shown by the rightward shift of the 
scatterplot away from the 1:1 line.  The model appears to be sensitive to increases in recharge 
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above the USGS regional rate.  The relative sensitivity of the model to changes in recharge 
versus changes in hydraulic conductivity is assessed in Section 7.4.4.2. 

The effects of the 5X recharge increase on the Alternative 2 (ISS) transport results are depicted 
on Figure 7-24, which presents a comparison of the predicted 100-year dissolved-phase halo 
extent in the SWBZ (Layer 1) and IWBZ (Layer 3) for the high-recharge sensitivity run versus 
the calibrated model.  The two sets of concentration contour maps are also very similar, 
indicating that the predicted extent of groundwater above the benzene MCL is insensitive to 
increases in recharge. 

7.4.4.2 Sensitivity Analysis 2: Hydraulic Conductivity 

The calibrated horizontal hydraulic conductivity of the SWBZ is 15 ft/day around the NWC and 
30 ft/day around the OIA, and the calibrated horizontal hydraulic conductivity of the IWBZ is a 
uniform 30 ft/day (see Section 7.3).  These values are consistent with the upper limit of 
hydraulic conductivity measured historically at the Site through slug tests  and the historic 
groundwater model (Key, 2000) that had hydraulic conductivity values up to 33 ft/day (see 
Figure 2-3).  Using the upper limit of historical measurements is defensible as slug tests tend to 
under-predict hydraulic conductivity as they are localized to individual boreholes and do not 
account for field-scale flow effects.  To evaluate the sensitivity of the model calibration and 
Alternative 2 transport results to hydraulic conductivity, two separate scenarios were run: the 
first lowering horizontal hydraulic conductivity in the SWBZ (Layer 1) and IWBZ (Layer 3) by 
approximately 5X (reduced to uniform value of 6 ft/day), and the second increasing horizontal 
hydraulic conductivity in the two layers by approximately 5X (increased to uniform value of 150 
ft/day).  Vertical hydraulic conductivity was maintained at 0.1X the horizontal value for both 
sensitivity runs.  Hydraulic conductivity was not adjusted in the other layers.  For the Alternative 
2 transport sensitivity runs the horizontal and vertical hydraulic conductivity of the stabilized OIA 
and NWC areas was maintained at 0.003 ft/day (approximately 10-6 centimeters per second 
(cm/s)). 

The effects of the 5X SWBZ and IWBZ hydraulic conductivity decrease on the model calibration 
are depicted on Figure 7-25a, which is a plot of observed versus simulation hydraulic heads for 
both the calibrated model and the decreased-conductivity model.  The effects of the 5X SWBZ 
and IWBZ hydraulic conductivity increase on the model calibration are depicted on Figure 7-
25b, which is a plot of observed versus simulation hydraulic heads for both the calibrated model 
and the increased-conductivity model.  A comparison of these two graphs indicates that the 
model calibration is more sensitive to decreases in hydraulic conductivity (i.e. model error 
increases more for the low-conductivity scenario).  Figure 7-25a shows that decreasing 
hydraulic conductivity introduces an under-predicting bias, with some groundwater model heads 
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becoming too low.  This effect is limited to the IWBZ (Layer 3), where hydraulic heads are more 
influenced by water inflow from the general head boundary (GHB).  This effect occurs because 
the decrease in hydraulic conductivity increases heads immediately adjacent to the GHB.  This 
decreases the gradient between the GHB head and the model-calculated aquifer head, resulting 
in a loss of inflow at the boundary.  Further away from the GHB (e.g. in the OIA), this loss in 
groundwater inflow results in a net decrease in hydraulic head, which would otherwise be 
increased by the decrease in hydraulic conductivity. 

Conversely, Figure 7-25b shows that the model is relatively insensitive to increases in hydraulic 
conductivity, with much less difference in the XY scatterplot.  This is because the increase in 
conductivity acts to buffer the increase in GHB inflow caused by a steeper gradient adjacent to 
the GHB cells, resulting in less net change.  In other words, the more permeable aquifer 
materials are able to efficiently transmit the greater GHB inflow to the Ashley River without an 
overall significant increase in heads.  Taken together with Figure 7-23, the model calibration is 
most sensitive to increases in recharge, and least sensitive to increases in hydraulic 
conductivity.  This overall outcome supports the final model calibration parameters because 
there is relatively high confidence that the Site has a low recharge rate.  The USGS regional 
published value is 3-5 inches/year, which will be above the site-specific rate due to the high 
fraction of impervious and compacted, low permeable surface.  Similarly, the sensitivity analysis 
supports the calibrated hydraulic conductivity of 30 ft/day, as it is at the upper end of historic 
slug test measurements and further increases do not substantively change the heads 
calibration, whereas decreases effectively starve the IWBZ of water. 

The effects of the 5X hydraulic conductivity increase and decrease on the Alternative 2 (ISS) 
transport results are depicted on Figure 7-26a and 7-26b, which presents a comparison of the 
predicted 100-year dissolved-phase halo extents for the hydraulic conductivity sensitivity runs 
versus the calibrated model.  Both the high conductivity (Figure 7-26a) and low conductivity 
(Figure 7-26b) 100-year plumes are very similar to the original calibrated model.  This indicates 
that the benzene plume after performing ISS is relatively insensitive to the surrounding hydraulic 
conductivity. 

7.4.4.3 Sensitivity Analysis 3: Biodegradation 

The calibrated dissolved-phase degradation rate for benzene used in the model ranges from 
0.012 day-1 (half-life of 58 days) outside of NAPL source areas over the majority of the model 
domain, decreasing to 0.0012 day-1 (half-life of 580 days) within most of the NAPL source area.  
To evaluate the sensitivity of Alternative 2 transport results to changes in the degradation rate, 
two separate scenarios were run: the first lowering benzene degradation rates by 2X across the 
model, and the second increasing benzene degradation rates by 2X across the model. 



TI Waiver Demonstration  April 2016 
Former Koppers Company Charleston Site   
Amec Foster Wheeler Project No. 6123130255 

7-20 

The effects of the 2X degradation increase and decrease on the Alternative 2 (ISS) transport 
results are depicted on Figure 7-27a and Figure 7-27b.  Figure 7-27a presents a comparison of 
the predicted 100-year dissolved-phase halo extents for the low degradation sensitivity run 
versus the calibrated model, whereas Figure 7-27b presents a comparison of the predicted 100-
year dissolved-phase halo extents for the high degradation sensitivity run versus the calibrated 
model.  The halo for the high degradation sensitivity run is very similar to that of the calibrated 
model, whereas the halo for the low degradation run is slightly larger to the west (e.g. see well 
MW-07-2I).  The halo is more sensitive to decreases in degradation because most degradation 
occurs outside the ISS monolith. 

7.4.4.4 Sensitivity Analysis 4 - 6: Reduced Hydraulic Conductivity and Increased 
Effective Porosity of ISS Monolith, Removal of Creosote in Layer 4 (Gray Clay) 

Three additional sensitivity analyses were conducted to evaluate the effects of post-ISS 
hydraulic assumptions on model results, and the effects of including some residual or diffused 
creosote in layer 4 (gray clay) in the original model.  The parameter adjustments and results of 
these scenarios are summarized below: 

• Figure 28-a presents a comparison of the predicted 100-year dissolved-phase halo 
extents for an ISS monolith hydraulic conductivity of 10-7 cm/s run versus the calibrated 
model, which assumes 10-6 cm/s.  As shown by the figure, the results of the two 
scenarios are nearly identical and the model is insensitive to further reductions in 
monolith permeability. 

• Figure 28-b presents a comparison of the predicted 100-year dissolved-phase halo 
extents for an ISS monolith effective porosity of 10% run versus the calibrated model, 
which assumes 2%.  As shown by the figure, the results of the two scenarios are nearly 
identical and the model is insensitive to effective porosity over the range of expected 
values less than 10%.  No reliable literature values of effective porosity of stabilized-soils 
were identified; however, as cement stabilized soils are expected to have similar 
composition to concrete or competent bedrock, values less than 10% are reasonable. 

• Figure 28-c presents a comparison of the predicted 100-year dissolved-phase halo 
extents for run with no residual/diffused creosote assigned to layer 4 (gray clay), versus 
the calibrated model.  As shown by the figure, the results of the two scenarios are nearly 
identical and the ISS model is insensitive to the presence of residual material in layer 4. 

7.4.5 Alternative Model Calibration 

As described in Section 7.3.1, the calibrated hydraulic conductivity in the model is consistent 
with the upper range of site-specific values measured in the past.  While the calibrated hydraulic 
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conductivity field represents one possible realization, an alternative set of model parameters 
may exist that allows model calibration with lower hydraulic conductivity values.  To address this 
uncertainty associated with model non-uniqueness, the model was re-calibrated to the observed 
hydraulic heads making the following changes: 

• Reduced the horizontal hydraulic conductivity of the SWBZ (layer 1) to a uniform value 
of 3.5 ft/d and the IWBZ (layer 3) to a uniform value of 0.68 ft/d, which are equal to the 
geometric mean values reported in Table 2-1 of Key (2006) based on historic slug tests.  
Vertical hydraulic conductivity was set to one-tenth the horizontal value for each zone; 

• Reduced the horizontal hydraulic conductivity of the clay layers 2, 4, and 5 to 0.05 ft/d, 
and the vertical hydraulic conductivity to 0.005 ft/d.  The vertical hydraulic conductivity 
for this scenario is within the range of values reported in Table 3-8 of the RI and as 
discussed on page 3-16 of the RI  (ENSR, 1995a); 

• Moved the General Head Boundary (GHB) further away from the extraction wells, as 
shown in Figure 7-29, because the extraction wells have a more significant influence on 
the potentiometric surface with the reduced hydraulic conductivity.  Relocating the GHB 
prevents the boundary from overly influencing model results in the OIA.  The head and 
conductance of the layer 1 GHB were adjusted to 9 ft and 10 ft2/d, respectively, while the 
head and conductance of the layer 3 GHB were adjusted to 20 ft and 1,000 ft2/d, 
respectively.  These values were adjusted as part of the model re-calibration to obtain a 
better match of observed to simulated water level elevations; 

• Reduced the conductance of the Ashley River by three orders of magnitude to 4 ft2/d in 
the cemented portion of the subaqueous cap shown on Figure 7-29.  This was an 
assumed reduction as no permeability data are available for this area; and 

• Increased recharge to 3.5 inches per year, which is within the range for the NC and SC 
Coastal Plain of 3-5 inches/year reported by Campbell and Coes (2010) on pages 8-9 of 
Chapter A. 

Groundwater elevation contours for the SWBZ and IWBZ for the lower hydraulic conductivity 
alternative calibration are presented in Figure 7-29.  A graph comparing observed to simulated 
hydraulic heads for the alternative calibration is presented as Figure 7-30.  Simulated values 
generally agree with observed values; however, there is more scatter than the graph depicted in 
Figure 7-4.  This indicates that the alternative calibration is not as accurate as the original 
calibration.  It is therefore likely that hydraulic conductivities are higher than those used in the 
alternate calibration in at least certain portions of the model. 

Due to the above changes in the flow calibration, adjustments to the fate and transport 
calibration were also needed to continue to reasonably match the range of concentrations 
observed at the Site.  As with the sensitivity analysis, the transport recalibration was limited to 
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benzene as it is the constituent driving establishment of the TI Zone.  To preserve a reasonable 
match to the range of benzene concentrations with the low hydraulic conductivity, alternative 
calibration, the following changes were made to the model: 

• The benzene distribution coefficient was reduced to a uniform value of 0.066 L/kg, which 
is calculated based on a low fraction of organic carbon (foc) of 0.1%.  This is consistent 
with the foc value of 0.088% reported in Table 5-6 of the RI Report (ENSR, 1995a); 

• The mass transfer rate from DNAPL was adjusted to a uniform value of 2.5E-07 day-1 
and the degradation rate within the DNAPL area was reduced to 0.000012 day-1.  These 
changes were made as part of the calibration to off-Set the greater fraction of benzene 
that degrades outside the DNAPL area due to low adsorption; 

• The maximum initial benzene concentration in groundwater was reduced to 2,000 ug/L 
as with the sensitivity analysis scenarios. 

Simulated concentration contours for the current conditions scenario for 50 years and 100 years 
for the SWBZ and IWBZ are presented as Figure 7-31.  The depicted plume reasonably 
matches the extent of benzene concentrations detected above the MCL in groundwater, with 
below MCL concentrations at MW-103A and MW-103B.  Simulated concentration trends for the 
current conditions scenario are presented as Figure 7-32.  These graphs show that the 
predicted concentrations at MW-201S and MW-102B are lower than the original calibration, 
likely due to the lower adsorption outside the DNAPL area that facilitates degradation. 

As with the original calibrated model, the effects of ISS were simulated using the alternative flow 
and benzene calibration.  The same assumptions were used as the previous ISS alternative 
benzene model.  Simulated concentration contours for the ISS scenario for 50 years and 100 
years for the SWBZ and IWBZ are presented as Figure 7-33.  Benzene remains above the MCL 
for over 100 years within and around the ISS monolith, although the extent is slightly smaller 
than that of the original calibration (see Figures 7-15a and 7-15b).  This simulation 
demonstrates that even with significantly lower hydraulic conductivity and adsorption, a halo 
would remain around the stabilized monolith for over 100 years above the benzene MCL. 

7.4.6 Inclusion of Residual Soil Impacts 

The fate and transport scenarios described in Section 7.4.3 do not include areas of creosote 
staining observed in historic boring logs that are outside the area of mobile DNAPL to be 
stabilized through ISS.  This staining is representative of immobile residual material that is not 
capable of moving or creating significant groundwater plumes.  However, localized groundwater 
contamination may exist around such residual areas with the potential for spot exceedances of 
the benzene MCL in groundwater directly in contact with stained soils.  To evaluate the long-
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term effects of immobile soil staining outside the ISS zone, small residual areas were included 
in an additional benzene ISS modeling scenario based on those identified through a boring log 
review and depicted on Figures 4-1a and 4-1b.  The initial concentration of benzene in the 
residual dual domain areas was reduced one order of magnitude relative to the mobile DNAPL 
areas to account for the reduced saturation.  The mass transfer rate from the residual soil was 
set at 2.5x10-5  day-1 (higher than the majority of the mobile DNAPL areas) to account for the 
increased dissolution rate in residual areas where a greater fraction of flowing groundwater can 
contact and dissolve contaminants. 

Simulated concentration contours for the ISS scenario for 50 years and 100 years for the SWBZ 
and IWBZ are presented as Figure 7-34 with the residual areas included.  As expected, small 
areas of groundwater contamination are simulated to persist around the residual blobs in the 
SWBZ for over 100 years, but they do not generate independent benzene plumes.  The 
presence of these small areas with the potential for benzene above the MCL is supported by 
low-level detections of benzene at PZ-201 and MW-103A, which are down gradient of residual 
areas.  While not requiring ISS due to their immobility and reduced contaminant mass, the 
modeling indicates that benzene in residual soil staining areas has the capacity to persist for 
100 years and these areas should be included in the TI zone.  This would reflect the possibility 
that groundwater directly in contact with stained soils over very small vertical intervals may 
indeed be above the MCL. 

7.4.7 Simulation of No Further Action Scenario 

To evaluate the benefits of ISS with respect to plume shrinkage, an additional modeling 
scenario was included representing no further action using both the original benzene fate and 
transport model and the alternative calibration model described in Section 7.4.5.  For these 
models no ISS was performed, and the DNAPL extraction wells were turned off (no pumping).  
No other changes were made to the benzene models.  The simulated 100-year benzene plumes 
for the two models are presented on Figure 7-35.  For the original model, the 100-year benzene 
plume is only slightly larger than that of the current condition scenario presented in Figure 7-8b.  
This is an intuitive result as the pumping has little influence on the heads distribution of this 
model.  In contrast, the 100-year benzene plume is significantly larger for the SWBZ using the 
lower hydraulic conductivity alternative calibration model, indicating that the pumping had a 
greater plume containment benefit.  In summary, the pumping remedy likely did shrink the 
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benzene plume over time, but a much greater reduction will be achieved after implementation of 
the ISS remedy as shown on Figures 7-15a and 7-15b. 

7.4.8 SourceDK DNAPL Dissolution Assessment 

The software SourceDK version 2.0 (GSI, 2011) was used as an additional line of evidence to 
support the effective DNAPL dissolution rates and range of cleanup timeframes predicted by the 
3D model.  The Source DK Tier 2 box model was used to evaluate dissolution of benzene and 
naphthalene from DNAPL, specifying the same parameters used in the MT3DMS model for 
initial concentration, NAPL saturation, mass fraction within NAPL, and other parameters.   A 
groundwater Darcy Velocity of 66 feet per year was used in the box model, representing the 
approximate value calculated in MODFLOW for the SWBZ in the Old Impoundment Area.  An 
approximate NAPL area geometry of 150 ft wide by 330 ft long by 6 ft thick was used to create 
the dissolution box for the SourceDK analysis.  The results of the analysis are summarized 
below.  

Benzene: The input screen to the SourceDK tool is presented as Figure 7-36.  A mass 
uncertainty factor of 2 is assigned to generate alternative dissolution curves.  The resulting 
output dissolution curves representing source zone concentrations over time is presented as 
Figure 7-37.  The predicted dissolution output show concentrations for each realization dropping 
into the low hundreds or tens of ug/L after fifty years.  This is consistent with the contour maps 
on Figure 7-8 (a, b, and c) for Alternative 1, although a slightly higher dissolution rate is 
suggested with SourceDK.  After 100 years, concentrations fall below 100 ug/L for the “high” 
mass curve, which is consistent with Alternative 1 MT3DMS output on Figure 7-8 (a, b, and c). 

Naphthalene: The input screen to the SourceDK tool is presented as Figure 7-38.  A mass 
uncertainty factor of 2 is assigned to generate alternative dissolution curves.  The resulting 
output dissolution curves representing source zone concentrations over time is presented as 
Figure 7-39.  The predicted dissolution output show concentrations for each realization 
remaining above 12,000 ug/L after 100 years.  This is slower dissolution than calculated by the 
MT3DMS model, as indicated by the contour maps on Figure 7-10 (a, b, and c) for Alternative 1.  
The MT3DMS model predicts maximum concentrations in the SWBZ to be below 10,000 ug/L 
after 100 years. 

In summary, the SourceDK dissolution analysis is generally consistent with the dual-domain 
dissolution modeled in MT3DMS for Alternative 1 in the SWBZ.  Relatively low concentrations of 
benzene below 100 ug/L are predicted after 100 years, while very high concentrations of 
naphthalene in the thousands of ug/L persist for more than 100 years using both models.  
SourceDK predicts the benzene dissolution rate to be slightly faster, and the naphthalene 
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dissolution rate to be slower.  SourceDK is a simplified analytical box model, and does not 
account for complexities in the 3D flow field, which may explain the differences together with 
differences in the F&T equations used.  Regardless of this, the SourceDK analysis ground-
truths the dissolution rates predicted by MT3DMS, which include the use of a kinetic mass-
transfer coefficient from an immobile domain.  This helps verify the overall approach and 
provides additional confidence in the MT3DMS output. 

7.5 CONCLUSIONS AND LIMITATIONS 

Groundwater flow and F&T modeling was conducted to evaluate cleanup timeframes associated 
with the three remedial alternatives carried through from Section 6.  The steady-state flow 
model was calibrated to 2014 data, with boundary conditions and the overall calibrated flow 
regime informed by groundwater elevation contours produced during the RI.  Transport 
modeling for each remedial alternative was completed using a dual-domain framework to enable 
simulation of contaminant dissolution from a separate phase representing pooled DNAPL and/or 
residual creosote-stained soil.  The intent of the fate and transport modeling approach was to 
adjust parameters in order to obtain a reasonable match to average field data in both 
concentration magnitude and footprint. Source parameters (concentration, mass transfer 
coefficient) and the retardation coefficient exhibit significant spatial and temporal variability in 
the field that lead to groundwater concentration variations of up to four orders of magnitude 
between 2004 and 2014.  Matching this degree of variation is not possible, and instead the 
model matches the magnitude of average concentrations in groundwater.  It is therefore a 
usable tool to evaluate relative cleanup timeframes for different remedial technologies.  The 
2015 groundwater monitoring data are generally consistent with prior years and with the extent 
of MCL exceedances predicted by the model, with benzene detected at or above the MCL at 
MW-102A, MW-102B, MW-201S, and MW-05I.  The data continue to exhibit significant temporal 
variability, with an April 2015 benzene concentration of 230 ug/L and a September 2015 
benzene concentration of 2J ug/L at MW-05I.  The April 2015 benzene concentration at MW-
102B was 55 ug/L, which was higher than any detection between 2004 and 2014. 

Conclusions of the remedial alternatives modeling are summarized below: 

• For the Northwest Corner where S/S was previously applied, concentrations of 
naphthalene are predicted to persist above 100 ug/L and concentrations of 
benzo(a)pyrene are predicted to persist above its MCL for more than 100 years.  
Detections of benzene are predicted to persist for over 100 years, with concentrations 
above the MCL (as are periodically observed at MW-01SR and MW-111R) continuing for 
approximately 50 years.  When considering these model results and the variability of 
benzene concentrations observed in the NWC, it is possible that sporadic detections 
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above the MCL may occur for a much longer period than 50 years.  These modeling 
results are consistent with data collected since the S/S implementation that shows stable 
trends, and supports the determination that restoration of groundwater in the Northwest 
Corner is technically impracticable. 

• For long-term continuation of Alternative 1 (gradient-enhanced recovery) in the Old 
Impoundment Area, current concentrations and observed benzene and naphthalene 
plumes around the Old Impoundment Area DNAPL areas are expected to persist for a 
period greater than 100 years, with on-going DNAPL dissolution and relatively slow 
naphthalene attenuation in the dissolved phase. 

• F&T simulations indicate that implementation of Alternative 2 (ISS) in the Old 
Impoundment Area will significantly reduce the overall footprint of groundwater above 
the benzene MCL concentration relative to Alternative 1, and therefore reduce the areal 
extent of the TI waiver zone.  Changes are most notable for the IWBZ.  As expected, a 
halo of dissolved concentrations is predicted to form around the stabilized mass, with the 
benzene halo lasting over a 100-year period. 

• F&T simulations indicate that portions of the IWBZ will remain above the benzene MCL 
after 100 years even after applying ISTT (Alternative 3) with very optimistic treatment 
assumptions, especially considering site-specific challenges.  

The persistence of dissolved-phase impacts over 100-years for all three modeled constituents 
and remedial scenarios demonstrates that full restoration to drinking water criteria is technically 
impracticable.  While ISTT is modeled to have the smallest area above MCLs for benzene, 
portions of the IWBZ are modeled to remain above the benzene MCL for over 100 years even 
with very optimistic site-specific treatment assumptions. Site-specific factors such as high-
boiling point COCs (benzo(a)pyrene), heterogeneous geology, and very close proximity to 
surface water/wetland features such as the Barge Canal challenge the implementability of ISTT 
and makes achievement of the modeled mass removal assumptions unlikely.  Regardless, even 
if ISTT were applied successfully as simulated in the F&T model, it would be unable to uniformly 
meet drinking water criteria across the Site within 100 years.  This, and other reasons discussed 
in Section 8, make Alternative 2 the preferred remedy when considering the technical 
impracticability of full groundwater restoration. 

An extensive model sensitivity analysis was performed on the Alternative 2 (ISS) benzene fate 
and transport model to evaluate a wide range of potential outcomes.  In addition, the flow and 
transport models were re-calibrated using a lower hydraulic conductivity field to evaluate 
whether this would significantly change the simulated benzene plume.  Figure 7-40 presents the 
5 ug/L benzene concentration plume outline for all modeled ISS scenarios 100 years after ISS 
implementation (original calibration, alternative calibration, residual soil impacts simulation, and 
all sensitivity analyses).  This figure demonstrates the relatively low variability in the footprint of 
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the predicted benzene area above the MCL in 100 years, despite a wide range of input 
parameter possibilities.  These results confirm the conceptual model of anticipated post-ISS 
conditions, which indicates that a halo of benzene will emanate outside of the ISS monolith.  
However, this halo is predicted to be smaller in size than the current benzene plume, including 
the effects of the pumping system. 

.
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8.0 REMEDIAL ALTERNATIVES ANALYSIS 

Performing a detailed, comparative analysis of the retained remedial alternatives is the last step 
of the alternative remedy evaluation process. The remedial alternatives are evaluated with 
respect to nine CERCLA evaluation criteria. The nine criteria are categorized as threshold, 
balancing, or modifying, and are listed below: 

Threshold 
• Overall protection of human health and the environment 
• Compliance with ARARs 
 
Balancing 
• Short-term effectiveness 
• Long-term effectiveness 
• Reduction of toxicity, mobility, and volume (TMV) through treatment 
• Implementability 
• Cost 
 
Modifying 
• State acceptance 
• Community acceptance 

Remedial technologies and corresponding process options were evaluated and screened for 
effectiveness, implementability and cost in Section 6. In Section 6.2, several technologies were 
retained for further evaluation and combined into remedial alternatives.  The remedial 
alternatives are evaluated for the nine criteria and then compared with one another to identify 
their respective strengths and weaknesses.  Remedial alternatives retained for detailed 
evaluation and comparison are presented below. 

1 Gradient-Enhanced Recovery, ICs and ECs (existing remedy) 

2 ISS, ICs and ECs 

3 Steam ISTT, ERH ISTT, ICs and ECs 

 

Steam and ERH ISTT (Alternative 3) would be very difficult to implement at the Site 
given site-specific conditions (shallow water table; depth of impacts; lower mobility, lower 
permeability portions of the water bearing zones; volume of water to be heated; and 
location adjacent to the Barge Canal/Ashley River) and the high boiling points (above 
200°C) of naphthalene and other PAH constituents comprising the bulk of the DNAPL.  
These contributing factors increase uncertainty and difficulty for successful 
implementation.  Additionally as supported by the mass removal assumptions included in 
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the modeling scenario for ISTT presented in Section 7.4.3.3, residual impacts in the soil 
will remain and will continue to leach contaminant concentrations to groundwater 
following ISTT.  Further, the model simulation for ISTT predicts that the impacted 
footprint within the potential TI zone is greater than that of Alternative 2 (ISS).   The 
implementation of Alternative 2 is more straightforward and after additional screening is 
predicted to be as effective, if not more effective, in meeting performance standards for 
the Site when compared to Alternative 3 (ISTT).  

8.1 ALTERNATIVE 1 GRADIENT-ENHANCED RECOVERY, ICS AND ECS 

8.1.1 Description 

Alternative 1 is a continuation of the in-place ROD remedy at the Old Impoundment Area. A 
DNAPL Recovery system was installed as part of the ROD remedy in the Old Impoundment 
Area based on the initial estimated limits of DNAPL in the SWBZ and IWBZ.  The DNAPL 
recovery system consists of three shallow extraction wells and one intermediate extraction well.  
The recovery system operates as dual phase recovery system with both groundwater and 
DNAPL extraction. The extraction wells are 18-inch diameter and designed with sumps of 
varying lengths/capacities in which DNAPL accumulates. Accumulation is monitored on an 
approximate weekly basis, and extracted as needed (prior to reaching sump capacity) using air 
diaphragm pumps. Recovered DNAPL is stored on-site for subsequent off-site disposal/reuse. 
Groundwater that is extracted as part of DNAPL recovery operations is discharged under permit 
to the City of North Charleston POTW (USEPA, 2013, p. 33). 

Performance monitoring in the Old Impoundment Area includes evaluation of DNAPL 
accumulation at select wells, and groundwater quality monitoring at select wells for analysis of 
wood-treating related COCs, and for natural attenuation parameters.  ICs and ECs would be 
employed to limit exposure to human receptors. ICs are expected to include a Declaration of 
Covenants and Restrictions to prohibit the use of groundwater and to maintain applicable ECs 
such as covers to mitigate the groundwater exposure pathway.  

8.1.2 Alternative Evaluation 

Overall Protection of Human Health and the Environment 

Consistent with the initial review of this alternative as performed during the FS process (ENSR, 
1996), Alternative 1 is protective of human health and the environment.  The current recovery 
system in place at the Old Impoundment Area has been demonstrated to reduce mass and 
volume of DNAPL with the recovery of 12,800 gallons of DNAPL since 2003 (Table 4 of the 
2015 Annual Operations and Monitoring Report, FTS, 2016).  It is currently protective of human 
health as the exposure pathway is incomplete.  Recovery removes DNAPL source and controls 
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migration to prevent exposure.  ICs and ECs would be protective of future human health 
receptors and maintain the exposure pathway as incomplete.    

Compliance with ARARs 

With a waiver of the Federal ARAR for groundwater cleanup standards, MCLs for benzene and 
benzo(a)pyrene based on a finding of technical impracticability, this alternative complies with 
ARARs as supported within this TI Waiver Demonstration. 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative 1 reduces the mass and volume of DNAPL at the Site through recovery.  The 
recovery system has demonstrated that it controls migration of the DNAPL to prevent exposure 
to human health receptors.  The recovered DNAPL is stored on-site for subsequent potential 
reuse through recycling or off-site disposal. 

Short-Term Effectiveness 

This alternative has limited short term impact due to the nature of the process option of 
gradient-enhanced recovery. 

Long-Term Effectiveness 

This alternative actively recovers DNAPL and relies on natural processes to reduce 
concentrations of dissolved phase COCs over time.  The time frame to meet performance 
standards for this alternative is very long based on evaluation of the current system.  It is not 
possible to meet performance standards within a reasonable time frame. 

Implementability 

Alternative 1 is straightforward to implement.  The recovery system is in place and applicable 
ICs and ECs are easily implemented. However, the Old Impoundment Area is contained within 
the portion of the Site proposed for development, and operation of a DNAPL recovery system 
could limit development options within this area. 

Cost 

The cost for Alternative 1 is presented in Appendix B and summarized below.  This alternative 
does not have capital costs as the system is already in place.  Annual costs were estimated 
based on current O&M costs at the Site.  The estimated total cost and present worth cost is 
based on O&M for 30 years and an annual discount rate of 7 percent was applied to calculate 
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present worth. Total costs and total present value estimates are summarized below and 
presented in Table 8-1. 

 

Alternative 1 Gradient 
Enhanced 
Recovery 

Total Cost $ 1,236,900 
Total Present Worth $ 729,900 

  

State and Community Acceptance 

Alternative 1 is acceptable to both the State and the community as this is the in-place ROD 
remedy. 

 
8.2 ALTERNATIVE 2 ISS, ICS AND ECS 

8.2.1 Description 

Alternative 2 involves ISS of approximately 41,000 cubic yards of impacted soils and free phase 
DNAPL to a depth of 33 to 35 ft bgs.  This alternative assumes that ISS will be accomplished 
into the underlying confining gray clay layer.   

The selection of ISS is supported by the selected remedy in Northwest Corner.  Leachability 
testing was performed in conjunction with developing the design mix for S/S in the Northwest 
Corner (USEPA, 2003 and Key, 2003).  Since it was determined that the design mix for the 
Northwest Corner would meet the leachability criteria as long as the performance criteria were 
achieved, and because the soil type at the Old Impoundment Area is determined to be similar to 
the soil type in the Northwest Corner, the same design mix would be utilized in the Old 
Impoundment Area and adjusted as necessary. The remedial objective for implementation of 
ISS is to address the presence of mobile DNAPL below the groundwater table in the Old 
Impoundment Area.  ISS is intended to solidify potentially mobile DNAPL remaining in the Old 
Impoundment Area, resulting in a reduction in permeability, elimination or reduction of DNAPL 
via solidification, and a reduction in contaminant leaching to groundwater.  

To assist in monitoring the effectiveness and sustainability of the ISS remedy, an effectiveness 
monitoring program that includes evaluation of DNAPL accumulation and groundwater quality 
monitoring will be conducted after completion of ISS implementation activities (Amec Foster 
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Wheeler, 2015), similar to the program performed in the Northwest Corner area for 13 years 
post S/S implementation. ICs and ECs would be employed to limit risks to human receptors. ICs 
are expected to include a Declaration of Covenants and Restrictions to prohibit the use of 
groundwater and maintain applicable ECs such as covers to mitigate the groundwater exposure 
pathway.  

8.2.2 Alternative Evaluation 

Overall Protection of Human Health and the Environment 

Alternative 2 is protective of human health and the environment.  Immobilizing DNAPL will 
mitigate exposure and minimize continued leaching. This remedy is protective of human health 
as it isolates and prevents potential exposure to human receptors currently and in the future. 
The ICs and ECs would provide additional protectiveness for future human health receptors and 
maintain the exposure pathway as incomplete.    

Compliance with ARARs 

With a waiver of the Federal ARAR for groundwater cleanup standards, MCLs for benzene and 
benzo(a)pyrene, based on a finding of technical impracticability, this alternative complies with 
ARARs as supported within this TI Waiver Demonstration. 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative 2 immobilizes DNAPL thus preventing mobility.  While mass and volume are not 
reduced, COCs are bound into a soil/cement matrix preventing future exposure and minimizing 
leachability thereby reducing DNAPL sourcing to groundwater, but as demonstrated herein not 
to drinking water criteria within a reasonable timeframe. 

Short-Term Effectiveness 

This alternative is immediately effective in blocking the exposure pathway, immobilizing DNAPL, 
and reducing contaminant sourcing to groundwater. 

Long-Term Effectiveness 

This alternative effectively immobilizes DNAPL thereby preventing migration and reducing 
ongoing sourcing to groundwater. 

Implementability 

Alternative 2 is implementable at the Site.  S/S has been demonstrated to be successfully 
implemented at the Site in the Northwest Corner.  ISS is considered a presumptive remedy, and 
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is a proven technology implemented at many creosote DNAPL sites (USEPA, 1995b and 
USEPA, 2009b).  Applicable ICs and ECs are easily implemented. 

Cost 

The cost for Alternative 2 is presented in Appendix B and summarized below.  This alternative 
has significant capital costs but is necessary for the proposed Magnolia Development.  
Completion of ISS in the western portion of the Site enhances potential re-development 
opportunities not currently available. Annual costs were estimated based on current O&M costs 
at the Site.  The estimated total cost and present worth cost is based on O&M for 30 years and an 
annual discount rate of 7 percent was applied to calculate present worth. Total costs and total 
present value estimates are summarized below and presented in Table 8-1. 

Alternative 2 ISS 

Total Cost $ 5,220,800 

Total Present Worth $ 5,109,000 
  

State and Community Acceptance 

Alternative 2 should be acceptable to the State and the community as it supports the re-
development of the Site to a beneficial reuse scenario including a mix of uses that can be used 
by the community.  Risks to construction workers and the public during implementation and 
afterwards are manageable through best management practices and an enforceable 
management plan. 

8.3 ALTERNATIVE 3 STEAM ISTT, ERH ISTT, ICS AND ECS 

8.3.1 Description 

Alternative 3 involves the thermal treatment of approximately 41,000 cubic yards of impacted 
soils, groundwater and free phase DNAPL to a depth of 33 to 35 ft bgs.  This alternative 
assumes that thermal treatment can be accomplished into the underlying confining gray clay 
layer.   

The selection of thermal treatment as a potential in-situ remedial technology is based on its 
effectiveness at other creosote NAPL sites, however, complicating site-specific factors introduce 
complexity and uncertainty with its successful application at this Site.  Complicating factors 
include: 
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• Soil heterogeneity between the SWBZ, IWBZ, and interbedded and underlying clays and 
silts/sediments (zones of varying permeability and groundwater flux); 

• High boiling point of PAH creosote constituents (above 200°C); 
• Shallow groundwater (less than 5 ft-bgs); 
• Proximity to the Barge Canal and Ashley River; and 
• Presence of existing DNAPL recovery system, monitoring well network, and subsurface 

utilities. 

In order to mitigate these factors, it is anticipated that the process options of steam-enhanced 
injection and extraction for the higher permeability shallow water bearing zones and ERH for the 
deeper less permeable zones would be more effective over one thermal treatment technology 
alone.  Due to the shallow groundwater, it is anticipated that the target treatment zone (i.e., 
mobile DNAPL) would be capped with an insulated vapor cover to capture off-gassed vapors, 
prevent excessive heat loss, and limit rainfall infiltration into the treatment zone.  The proximity 
to the Barge Canal and Ashley River may necessitate installation of a slurry wall or other control 
system around the treatment zone to prevent DNAPL or DNAPL-constituent mobilization 
towards sensitive receptors.  A slurry wall would also assist with mitigating groundwater flux 
across the treatment zone.  Alternatively, portions of the barge canal may need to be filled in to 
expand the multi-phase extraction network and avoid break-out of fluids into the canal. 

As discussed in Section 6.2, naphthalene and other high-boiling point PAH constituents 
(including benzo(a)pyrene) will not be completely vaporized by heating at 100°C, 
treatment relies on other mechanisms such as DNAPL extraction, steam stripping to 
enhance volatilization, and enhanced aqueous solubilization.  Extracted DNAPL, 
groundwater, and vapors would need to be treated above-ground through oil-water 
separation, activated carbon, and thermal oxidizer unit processes.   

To assist in monitoring the effectiveness and sustainability of an ISTT remedy, an effectiveness 
monitoring program that includes evaluation of DNAPL accumulation and groundwater quality 
monitoring will be conducted after completion of ISTT implementation activities. ICs and ECs 
would be employed to limit risks to human receptors. ICs are expected to include a Declaration 
of Covenants and Restrictions to prohibit the use of groundwater and maintain applicable ECs 
such as covers to mitigate the groundwater exposure pathway.  

8.3.2 Alternative Evaluation 

Overall Protection of Human Health and the Environment 

Alternative 3 is protective of human health and the environment.  The thermal treatment of 
DNAPL will mitigate exposure by removing significant quantities of DNAPL source and minimize 
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continued leaching. This remedy is protective of human health as it treats/removes DNAPL 
within the treatment zone and removes significant quantities of COCs preventing potential 
exposure to human receptors currently and in the future. The ICs and ECs would provide 
additional protectiveness for future human health receptors and maintain the exposure pathway 
as incomplete.    

Compliance with ARARs 

With a waiver of the Federal ARAR for groundwater cleanup standards, MCLs for benzene and 
benzo(a)pyrene, based on a finding of technical impracticability, this alternative complies with 
ARARs as supported within this TI Waiver Demonstration. 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative 3 removes significant quantities of DNAPL source thus reducing volume through 
treatment.  A significant reduction in volume is anticipated to reduce DNAPL sourcing to 
groundwater, but as demonstrated herein not to drinking water criteria within a reasonable 
timeframe. 

Short-Term Effectiveness 

This alternative is effective in reducing the exposure pathway, reducing DNAPL, and reducing 
contaminant sourcing to groundwater. 

Long-Term Effectiveness 

This alternative effectively removes significant quantities of DNAPL thereby minimizing 
migration and reducing ongoing sourcing to groundwater, but as demonstrated herein not to 
drinking water criteria within a reasonable timeframe. 

Implementability 

Alternative 3 would be very difficult to implement at the Site.  The heterogeneous nature of the 
subsurface soils, high groundwater table, volume of water within the treatment zone, 
groundwater fluxing, nature of the PAH constituents, and proximity to sensitive receptors (Barge 
Canal and Ashley River) increase the complexity of implementing this Alternative and require 
careful consideration during design and implementation. 

Cost 

The cost for Alternative 3 is presented in Appendix B and summarized below.  This alternative 
has significant capital costs, significantly higher than Alternative 2 (ISS).  Annual costs were 
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estimated based on current O&M costs at the Site.  The estimated total cost and present worth 
cost is based on O&M for 30 years and an annual discount rate of 7 percent was applied to 
calculate present worth. Total costs and total present value estimates are summarized below 
and presented in Table 8-1. 

Alternative 3 ISTT 

Total Cost $ 10,063,000 

Total Present Worth $ 9,951,000 
  

State and Community Acceptance 

Alternative 3 should be acceptable to the State and the community as it supports the re-
development of the Site to a beneficial reuse scenario including a mix of uses that can be used 
by the community.  Risks to construction workers and the public during implementation and 
afterwards are manageable through best management practices and an enforceable 
management plan. 

8.4 COMPARITIVE ANALYSIS OF ALTERNATIVES 

Table 8-1 summarizes the evaluation criteria for the alternatives, which are discussed below.  

8.4.1 Overall Protection of Human Health and the Environment 

All three Alternatives are protective of human health and the environment.  Alternatives 1 and 3 
reduce mass and volume of DNAPL in the subsurface while Alternative 2 immobilizes the 
DNAPL mitigating exposure and significant continued leaching to groundwater.   

8.4.2 Compliance with ARARs 

All three Alternatives comply with applicable ARARs as identified in Section 5.2 with a waiver of 
the Federal MCL ARARs for benzene and benzo(a)pyrene based on a finding of technical 
impracticability as discussed throughout this TI Waiver Demonstration.   

8.4.3 Reduction of Toxicity, Mobility, and Volume through Treatment 

Alternatives 1 and 3 reduce mass and volume of DNAPL through recovery or treatment.  
Alternative 2 does not reduce volume of DNAPL but reduces mobility more effectively as it 
immobilizes DNAPL.  The mass and volume are bound into a soil/cement matrix that prevents 
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exposure and substantially reduces leachability thereby reducing DNAPL sourcing to 
groundwater through physical treatment. 

8.4.4 Short-Term Effectiveness 

Alternative 1 has been implemented for the past thirteen years. While a significant quantity of 
DNAPL has been recovered and DNAPL continues to accumulate in three of the four Old 
Impoundment Area extraction wells, DNAPL accumulation/apparent thickness has remained 
nearly stable in recent years (Figure 4-5 and Table 4-3). Groundwater restoration goals will not 
be met within a reasonable timeframe.  Alternative 2 is very effective in the short term.  
Immobilization of the DNAPL is immediate following implementation of the remedy.  However, 
groundwater restoration goals will not be met within a reasonable timeframe.  Alternative 2 has 
been implemented at the Northwest Corner.  Alternative 3 will significantly reduce DNAPL and 
DNAPL sourcing to groundwater, however, as with both Alternatives 1 and 2, the groundwater 
restoration goals will not be met within a reasonable timeframe. 

8.4.5 Long-Term Effectiveness 

Alternative 1 is effective once clean-up goals are met.  However, the time frame to meet 
performance standards for this alternative would be very long based on evaluation of the current 
system.  It will be very difficult to meet performance standards within a reasonable time frame.  
Alternative 2 effectively immobilizes DNAPL thereby minimizing migration and ongoing mobile 
DNAPL sourcing to groundwater contamination immediately following implementation. However, 
groundwater restoration goals will not be met within a reasonable timeframe.  Alternative 3 
removes significant quantities of DNAPL thereby minimizing migration and reducing ongoing 
sourcing to groundwater, however, groundwater restoration goals will not be met within a 
reasonable timeframe. 

8.4.6 Implementability 

Alternatives 1 and 2 are both straightforward to implement.  Alternative 1’s recovery system is 
already in place and applicable ICs and ECs are easily implemented.  However, the Old 
Impoundment Area is contained within the portion of the Site proposed for development, and 
continued operation of a DNAPL recovery system would limit development options within this 
area. Alternative 2 is less straightforward to implement at the Site than Alternative 1, but S/S 
has already been demonstrated to be implementable at the Site in the Northwest Corner, ISS is 
a proven technology implemented at many creosote DNAPL sites, and facilitates re-use of the 
area.  Alternative 3 would be very difficult to implement given site-specific (nearby sensitive 
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receptors, heterogeneous subsurface, high groundwater table, etc.) and contaminant-specific 
(high boiling point) characteristics. 

8.4.7 Cost 

Total and present worth costs are presented in Appendix B and are summarized in Table 8-1. 

 
Alternative 

Gradient 
Enhanced 
Recovery 

ISS 
ISTT 

Total Cost $ 1,236,900 $ 5,220,800 $ 10,063,000 

Total Present Worth $ 729,900 $ 5,109,000 $ 9,951,000 

    

State and Community Acceptance 

All three alternatives would likely be acceptable to the State and the community.  Risks to 
construction workers and the public during implementation of Alternatives 2 and 3 are 
manageable through best management practices and an enforceable management plan. 

8.4.8 Summary 

Three alternatives for remediation of DNAPL in the Old Impoundment Area were compared in 
Section 8.  All three alternatives meet the threshold criteria of protection of human health and 
the environment and compliance with ARARs with a waiver from the Federal MCL ARAR for 
benzene and benzo(a)pyrene within the designated TI waiver zones.  However, as 
demonstrated in Section 7, there is more certainty that Alternative 2 would be more protective of 
human health and the environment than Alternatives 1 and 3.  When evaluating the balancing 
criteria, Alternatives 2 and 3 are stronger for both short-term and long-term effectiveness and 
reduction of TMV through treatment as supported by the groundwater model simulations 
presented in Section 7. Alternative 1 is stronger for implementability and costs as the recovery 
system is already in place at the Site, but the recovery system could limit development options 
within this area. Alternative 2 would be readily implementable as ISS has become widely 
accepted and used to treat contaminants at wood treating and other similar sites (USEPA, 
2009b) and has been identified as a presumptive remedial technology capable of immobilizing 
NAPL and NAPL constituents at wood treating sites (USEPA, 1995b). Alternative 3 has 
significant implementability issues related to site-specific and contaminant-specific 
characteristics.  Alternative 3 would be difficult and uncertain to implement at the site given the 
Old Impoundment Area site conditions (shallow water table; depth of impacts; lower mobility, 
lower permeability portions of the water bearing zones; volume of water to be heated; and 
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location adjacent to the former Barge Canal/Ashley River) and the high boiling points (above 
200°C) of naphthalene and other PAH constituents comprising the bulk of the DNAPL. 
Alternative 3 is also the highest cost alternative.  

All three alternatives would likely be acceptable to the State and the community.  Based on this 
evaluation, Alternative 2 is likely more protective and effective than Alternative 1 and 
significantly more implementable than Alternative 3. Alternative 2 (ISS) is the recommended 
Alternative.



TI Waiver Demonstration  April 2016 
Former Koppers Company Charleston Site   
Amec Foster Wheeler Project No. 6123130255 

9-1 

9.0 PROPOSED TI WAIVER ZONES 

TI waiver zones (TI zones) define the spatial extent over which a TI groundwater waiver applies.  
The purpose of the TI zone is to establish the area and depth over which groundwater 
restoration to drinking water criteria is deemed technically impracticable and for which a waiver 
from drinking water ARARs is sought. 

The limits of the proposed TI waiver zones for the shallow and intermediate water bearing zones 
are shown in Figure 9-1.  Separate TI waiver zones associated with DNAPL sources in the 
Northwest Corner and the Old Impoundment Area are proposed.  In the Old Impoundment Area 
the proposed TI waiver zone covers an approximate 4.5 acre area, and in the Northwest Corner 
the proposed TI waiver zone covers an approximate 1.0 acre area. Within the Old Impoundment 
Area the shallow and intermediate water bearing zones act as one hydrologic unit with a slight 
upward gradient as groundwater flows to the nearest surface water body, the Ashley River 
(Section 2.3.1 and 2.3.2).   

The depths of the TI waiver zones for each area are proposed to be the bottom of the confining 
gray clay that underlies each area and that is present across the Site at variable depths and 
thicknesses, and which precludes further downward migration of creosote constituents. The 
depth of the TI waiver zone in the Northwest Corner is proposed to be 35 ft bgs, which is the 
approximate bottom of the confining gray clay in the western portion of the Site. The total depth 
of the TI waiver zone in the Old Impoundment Area is proposed to be 47 ft bgs, which is the 
approximate bottom of the confining gray clay underlying the Old Impoundment Area. . 

The limits of the TI waiver zone will be established such that where mobile DNAPL or residual 
soil staining are observed and drinking water-based groundwater cleanup levels are exceeded 
are included within the proposed TI waiver zone.  Additionally, the proposed TI waiver zones in 
the Northwest Corner and the Old Impoundment Area incorporate the potential extent of 
benzene and benzo(a)pyrene remaining above 5 ug/L and 0.2 ug/L, respectively, after an 
extended timeframe following implementation of the stabilization/solidification remedies based 
on F&T modeling.  The potential extent of benzene and benzo(a)pyrene plumes after an 
extended period of time for the Northwest Corner and the Old Impoundment Area are presented 
in Sections 7.4.2 and 7.4.3 respectively.  It should be noted that the benzo(a)pyrene plume is 
subsumed within the benzene plume due to its low mobility. 

Groundwater use prohibitions will be established to prevent future use of groundwater within the 
TI waiver zones once established. 



TI Waiver Demonstration  April 2016 
Former Koppers Company Charleston Site   
Amec Foster Wheeler Project No. 6123130255 

9-2 

Groundwater monitoring will be conducted in accordance with the proposed monitoring plan in 
the RAWP (Amec Foster Wheeler, 2015). 
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10.0 CONCLUSIONS 

The applicability of a TI waiver for groundwater ARARs at the former Koppers Superfund Site 
was evaluated relative to the three criteria specified in USEPA TI Guidance (USEPA, 1993): 
hydrogeologic factors, contaminant-related factors and technological factors.  Additionally, 
factors such as exposure potential and groundwater flow and contaminant F&T modeling were 
also considered.  Without exception, all criteria favor the decision to establish a TI waiver for 
groundwater ARARs at the Site as summarized below: 

Hydrogeologic factors 

The TI Guidance indicates that hydrogeologic factors favoring a TI decision include interbedded 
and discontinuous strata, low permeability and heterogeneity.  These conditions are applicable 
to the Charleston Site. The Site is underlain by heterogeneous clayey sand to sandy clay and/or 
silty sand to depths of approximately 25 ft-bgs within the shallow water bearing zone (SWBZ).  
A shallow discontinuous clay unit is present across much of the Site within the SWBZ.  A 10-foot 
thick intermediate water bearing zone (IWBZ) serves as the transitional zone between the 
SWBZ with a confining gray clay layer present across the Site at depths ranging from 
approximately 20 to 35 ft-bgs and of variable thickness.  The hydraulic conductivity for wells 
screened in the sands of the SWBZ ranged from 0.45 to 33 ft/day (SWBZ geometric average 
3.5 ft/day), and from 0.014 to 4.6 ft/day (IWBZ geometric average 0.68 ft/day) in the IWBZ (Key, 
2006, p. 2-2, and Table 2-1, Key, 2006).  

The heterogeneous nature of the SWBZ and IWBZ (including a shallow discontinuous clay 
which partially divides these units) and the underlying confining gray clay layer limits the rates at 
which the mass of creosote DNAPL can be depleted or treated/removed from the subsurface 
thus making it technically impracticable to remediate groundwater to drinking water criteria. 

Contaminant-related factors 

The contaminant-related factors are also consistent with the impracticability of the remediation of 
impacted groundwater to achieve groundwater quality ARARs within a reasonable time frame as 
described below. 

• A significant fraction of the source material exists as non-recoverable residual staining in 
soils. The residual impacts are immobile even under extreme hydraulic gradient conditions 
as a result of capillary tension in the soil. The residual stained soil left behind will persist 
for many decades as a source of dissolved constituents. 
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• Creosote is much more viscous than groundwater (by an order of magnitude or more). 
The high viscosity of the DNAPL significantly inhibits its mobility in the subsurface and the 
ability to remove of significant quantities of DNAPL within a reasonable time.  This effect 
is exacerbated by the heterogeneous and low permeability aquifer materials beneath the 
Site. 

• The limited effective solubilities of creosote constituents prevent removal of significant 
mass via groundwater extraction.  The water soluble fraction of creosote or coal tar 
represents less than 0.01% of the total mass of source material. 

• PAHs in general are not amenable to accelerated biodegradation, are non-volatile, and 
exhibit a great degree of sorption. All of these factors make remediation to drinking water 
criteria throughout the Site via active means impracticable. 

A detailed 3D modeling evaluation of the fate and transport of the creosote DNAPL source 
material and associated dissolved phase groundwater contamination demonstrates that under 
the existing remedial alternative (Gradient-Enhanced DNAPL/Groundwater Recovery, ICs and 
ECs) and two other modeled alternatives:  (1) ISS, ICs and ECs and (2) Steam ISTT, ERH 
ISTT, ICs and ECs; a significant mass of unrecoverable residual creosote stained soil will 
remain in the subsurface and continue to source dissolved phase groundwater impacts greater 
than drinking water criteria for over 100 years. 

Technological factors 

Information and data demonstrate that the existing remedies implemented at the Site have been 
properly designed, constructed and operated.  An evaluation of other potential remedial 
alternatives demonstrates that no other remedial technologies or strategies would be capable of 
achieving groundwater restoration to drinking water criteria at the Site in a reasonable 
timeframe. 

However, ISS of creosote DNAPL in the Old Impoundment Area has been proposed to 
solidify/stabilize creosote DNAPL to allow development to a better and higher use in this area 
within that portion of the Koppers site that is subsequently deleted from the NPL. 

Exposure considerations 

There is no current exposure to groundwater at the Site and the Site and surrounding area are 
served by the municipal water supply system.  No current risk to potential receptors to dissolved 
groundwater plumes exist as the Northwest Corner and Old Impoundment Area plumes have 
been shown to be stable through natural attenuation processes and no groundwater exposure 
pathways are complete. 
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Groundwater exposure pathways will remain incomplete through the application of ICs at the 
Site and surrounding properties as needed.  

Groundwater Flow and Contaminant Fate & Transport Modeling 

Groundwater flow modeling was performed with a 3D, finite difference groundwater flow model 
(MODFLOW) primarily to evaluate cleanup timeframes associated with the three remedial 
alternatives:  Gradient Enhanced Recovery, ICs and ECs; ISS, ICs and ECs; and thermal 
remediation (Steam ISTT, ERH ISTT, ICs and ECs). 

The persistence of dissolved-phase impacts over 100-years for all three modeled constituents 
(naphthalene, benzene, and benzo(a)pyrene) and alternative remedial scenarios demonstrates 
that full restoration to drinking water criteria is technically impracticable. 

As concluded in the remedial alternatives analysis, Alternative 2 (ISS, ICs and ECs) is 
considered protective of human health and the environment and with the establishment of a TI 
waiver zone provides for compliance with ARARs. 

An evaluation of the effectiveness of the S/S remedy implemented in 2003 in the Northwest 
Corner, demonstrates that proposed ISS in the Old Impoundment Area will similarly likely result 
in a small halo of dissolved-phase COCs (including benzene and benzo(a)pyrene) persisting 
indefinitely in the immediate vicinity and slightly downgradient of the ISS-treated monolith. 

Based on the evaluations presented herein, it is recommended that a TI waiver for groundwater 
ARARs for the proposed TI zones be established to support redevelopment of the Site and 
surrounding area to a better and higher use that is protective of human health and the 
environment. 
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Table 3-1
Monitored Constituents in Groundwater Quality Monitoring Program

Volatile Organic Compounds (VOCs) 
(collectively designated as BTEX)
Benzene
Toluene
Ethylbenzene
Xylene

Semi-Volatile Organic Compounds (SVOCs) 
(collectively designated as total PAHs)
1-Methylnaphthalene
2-Methylnaphthalene
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo (a) Pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

Notes:
Parameters for monitored natural attenuation evaluaiton not shown
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Sample Dal e Balch Balch 

~ 
UCS Tests Permeability B(a)P Notes 

No. Obtained No. LocaUon 7-<Jay 28-<Jay 56-<Jay Equivalents (1)(2) n 

losil losil losil lcm/secl (ppb) 

S001 5/16/03 9 Trench 1 9%PC 24 28 67 3.34E-06 4.4 
28-<Jay UCS result shown was 

tested at 21 days. . 

S002 5/19/03 12 Trench 1 9%PC 32 39 60 · 2.80E-06 4.9 

S003 . 5/21/03 27 Trench2 9%PC 113 152 - 3.69E-07 4.4 

S004 5/28/03 21 Trench 3 · 9%PC 113 159 - 2.42E-06 4.4 

SOOS 5/29/03 36 Trench 7 9%PC 60 84 - 2.04E-06 8.8 

S006 5/30/03 43 Trench 15 9%PC 28 53 - 1.07E-05 4.4 

S007 5/31/03 20 Trench 19 9%PC 46 92 - 1.52E-06 4.4 ' . 

S008 6/2/03 15 Trench 23 9%PC 103 198 - 7.10E-07 4.4 

S009 6/2/03 39 Trench ·27 9%PC 110 177 - 1.19E-05 4.4 

S010 6/3/03 32 · Trench5 9%PC· 42 49 - 1.54E-06 4 .4 

S011 6/5/03 15 Trench 13 9%PC 53 198 - 2A3E-05 4.4 

S012 6/6/03 12 Trench 3~ 9%PC 180 233 - 5.63E-07 8.5 

S013 6/10/03 9, 10& 11 Trench 21 9%PC 80 - - - 4.4 
Composite of 3 Batches. 7-day 

UCS Testing Only 

S014 6/11/03 39 Trench 12 11%PC 149 188 - 2.03E-06 4.4 Field Test of 11% PC 

S015 6/11/03 39 Trench 12 13%PC 127 170 - 2.90E-06 - Field Test of 13% PC 

S016 6/11/03 39 Trench 12 15%PC 106 180 .,. 6.84E-06 - Field Test of 15% PC 

S017 6/17/03 15 Trench 8 11%PC 40 88 - 1.54E-06 0.9 

S018 6/18/03 6 Trench 6 11%PC 28 56 - 2.06E-06 0.3 

S019 6/19/03 33 Trench4 11%PC 124 187 - 4.69E-07 0.3 

S020 6/20/03 7 Trench 33 11%PC 64 116 - 1.56E-06 0.9 

S021 6/21/03 21 Trench 10 11% PC 53 90 - 2.43E-06 0.9 

S022 6/21/03 44 Trench 14 11%PC 78 160 - 7.98E-07 0.9 

S023 6/23/03 21 Trench 16 11%PC 42 90 - 3.88E-06 0.9 

S024 6/23/03 41 Trench 18 11%PC 50 110 - 2.06E-06 0.9 

S025 6/24/03 20 Trench 32 11%PC 78 184 - 1.18E-06 0.9 

S026 6/25/03 13 . Trench 28 
11%PC.1% - - - 3.85E-07 - Sampled for Permeability 

Bentonite Testing Only 

S027 6/25/03 16 Trench 24 11%PC, 1% 
120 200 - - 0.8 

Sampled for UCS and 
Bentonite Analytical Testing Only 

S028 6/25/03 34 Trench 24 
11%PC, 1% 

64 160 - 3.42E-07 0 .8 Bentonite 

S029 6/26/03 13 Trench 20 
11%PC,1% 

88 184 - 1.95E-07 0 .8 Bentonite 

SS QA Resulls. 0A Table Page 1 of2 Prinled: 811/03. 4:24 PM 



          Table 3-2
QA Summary Table of Individual S/.S Trenches for the Northwest Corner

Source:  Appendix W, Final Remedial Action Completion Report, URS 2003
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Sample Date Balch Batch Mix UCS Tests 
Permeability B(a)P 

No. Obtained No. Location Design 7-day 28-day 56-day Equivalents (11(2) 

(psi) IPsil (PSil lcm/sec) fonb) 

S030 6/26/03 34 Trench 30 11% PC, 1% 
117 212 - 5.24E-07 0.7 Benlonite 

S031 6/27/03 9 Trench 26 
11%PC,1% 

77 116 - 4.54E-07 0.7 Bentonite 

S032 6/27/03 29 
Trench 15 11%PC,1% 

141 162 8.37E-07 0.8 (Repair) Benlonite -
S033 6/28/03 16 Trench 22 

11%PC,1% 
187 ?55 - 5.47E-08 0.7 Bentonite 

S034 6/28/03 ~ 
Trench 13 11%Pc°.1% 

53 99 1.81E-07 0.7 (Repair) Bentonite -

S035 · 6/30/03 17 
Trench 27 11%PC,1% 

106 . 212 3.67E-07 0.8 (Repair) Bentonite -

CALCULATIONS· 

I UCS ~t 28-days (Arithmetic M~an) 139 psi I 
Note: UCS samples from trenches that were re-solidified (S006, S009, S011) and 

· field test samples (S014 and S015) were notincluded in the mean calculations. 

Permeabili Geometric Mean) 9.16E-07 cm/sec 
Note:· Permeability samples from trenches that were re-solidified (S006, S009, S011) and 

· field test samples (S014 and S015) were not included in the mean calculations. 

JB(a)P Equivalents (Arithmetic Mean) 2.4 ppb I 
Note: B(a)P Equivalents samples from trenches that were· re-solidified (S006, $009, $011) 

· / _were not Included in the mean calculati_ons. -

~ PC· Portland Cement 
UCS - Unconfined Compressive Strenglh 
psi - Pounds per square inch · 
cm/sec - Centimeters per second 
ppb • Parts per billion 
B(a)P - Benzo(a)pryene 

lllOifS:. (1) The following •relative potency" values were used to calculate-the BaP Equivalents (see reference): 
Benzo(a)anthrancene · 0.145 Ben·zo(a)pyrene . 1.0 
Chrysene 0.0044 lndeno(1,2,3-cd)pyrene 0.232 
Benzo(b)fluoranthene 0.140 Dibenzo(a,h)anthracene 1.11 
Benzo(k)Huoranthene 0.066 

(2) When constituenls were not detected above the laboratory method detection limit (MDL), one-half of the MDL was used 
in calculating tl)e BaP Equivalents. 

I 

REFERENCE· Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons, EPA/600/R-931089, July 1993. 

SS QA Resulls, QA Table Page 2 of 2 

Notes 
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Repair ofT rench 15 

Repair of Trench 13 

Repair of Trench 27 
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Table 4-1

Benzene Benzo(a)pyrene Naphthalene
µg/L µg/L µg/L

Well Location Sample Date Sample Type Location
MW-01SR 9/19/2003 Sample NWC 34 19    J NA

MW-01SR 9/19/2003 Sample NWC 34 19    J 7000 

MW-01SR 10/12/2004 Sample NWC 1.7 < 0.99    U 82.5 

MW-01SR 10/11/2005 Sample NWC 4.5 < 1.1    U 436 

MW-01SR 11/15/2006 Sample NWC 2.9 < 5.0    U 356 

MW-01SR 11/28/2007 Sample NWC 0.63    J < 4.0    U 44.9 

MW-01SR 10/23/2008 Sample NWC 1.7 < 3.8    U 185    B

MW-01SR 8/5/2009 Sample NWC 1.5 361 15200 

MW-01SR 12/29/2009 Sample NWC 0.75    J 4.0    J 466 

MW-01SR 12/29/2009 Duplicate NWC 0.72    J 4.2    J 323 

MW-01SR 9/9/2010 Sample NWC 1.0 < 19    U 1430 

MW-01SR 11/29/2011 Sample NWC 2.7 15.8    J 2640 

MW-01SR 11/8/2012 Sample NWC 0.59    J 18.6    J 1320 

MW-01SR 9/4/2013 Sample NWC 1.9 19.7 880 

MW-01SR 12/4/2014 Sample NWC 0.74    J < 48    U 1430 

MW-110R 9/19/2003 Sample NWC 72 11    J NA

MW-110R 9/19/2003 Sample NWC 72 120    J 6000 

MW-110R 10/12/2004 Sample NWC 53.7 < 10    U 6370 

MW-110R 10/11/2005 Sample NWC < 0.5    U < 1.0    U 39 

MW-110R 11/14/2006 Sample NWC 1.8 < 1.1    U 50.5 

MW-110R 11/28/2007 Sample NWC 3.9 < 0.96    U 117 

MW-110R 10/22/2008 Sample NWC < 0.4    U < 0.98    U 2.8    J

MW-110R 8/5/2009 Sample NWC < 0.4    U < 0.96    U 3.7    BJ

MW-110R 12/29/2009 Sample NWC < 0.4    U < 0.97    U 2.1    J

MW-110R 9/8/2010 Sample NWC 0.93    J < 0.95    U 2.9    J

MW-110R 11/29/2011 Sample NWC < 0.2    U < 0.48    U < 0.77    U

MW-110R 11/7/2012 Sample NWC 3.7 < 0.56    U 2.7    J

MW-110R 8/29/2013 Sample NWC < 0.21    U < 0.54    U 1.5    J

MW-110R 12/3/2014 Sample NWC < 1.0    U < 5.0    U 1.7    J

MW-111R 9/19/2003 Sample NWC 30 18    J NA

MW-111R 9/19/2003 Sample NWC 30 120    J 6400 

MW-111R 10/12/2004 Sample NWC 30.9 < 10    U 4050 

MW-111R 10/11/2005 Sample NWC 18.2 < 10    U 2950 

MW-111R 11/15/2006 Sample NWC < 0.5    U < 1.0    U 251 

MW-111R 11/28/2007 Sample NWC 4.0 < 4.4    U 298 

MW-111R 10/22/2008 Sample NWC 6.9 < 0.98    U 245 

MW-111R 8/5/2009 Sample NWC 10 < 3.8    U 1100 

MW-111R 12/29/2009 Sample NWC 6.5 < 4.0    U 891 

MW-111R 9/9/2010 Sample NWC 19 < 38    U 2330 

MW-111R 11/29/2011 Sample NWC 2.4 < 2.0    U 242 

MW-111R 11/7/2012 Sample NWC 18.3 < 11    U 2250 

MW-111R 9/4/2013 Sample NWC 1.7 < 2.2    U 333 

Chemical Name :
Units :

Summary of Groundwater Quality Data in Old Impoundment Area and Northwest Corner
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Table 4-1

Benzene Benzo(a)pyrene Naphthalene
µg/L µg/L µg/L

Well Location Sample Date Sample Type Location

Chemical Name :
Units :

Summary of Groundwater Quality Data in Old Impoundment Area and Northwest Corner

MW-111R 12/3/2014 Sample NWC 2.6 < 25    U 187 

PZ-202 9/19/2003 Sample NWC < 0.96    U < 0.59    U 3.6    J

PZ-202 9/19/2003 Sample NWC < 0.96    U < 0.59    U 4.2    J

PZ-202 10/11/2004 Sample NWC < 0.5    UJ 5.7    J < 4.0    U

MW-05I 11/13/1998 Sample OIA 190 < 5.0    U 3600 

MW-05I 3/9/1999 Sample OIA 320 < 2.0    U 8800 

MW-05I 9/22/2003 Sample OIA 390    B < 5.9    U NA

MW-05I 9/22/2003 Sample OIA 390 < 5.9    U 15000 

MW-05I 10/12/2004 Sample OIA 301 < 9.6    U 13900 

MW-05I 10/5/2005 Sample OIA 12    J < 3.9    U 481 

MW-05I 11/15/2006 Sample OIA 265 < 20    U 12300 

MW-05I 11/29/2007 Sample OIA 249 < 79    U 16300 

MW-05I 5/14/2008 Sample OIA 276 < 38    U 10600 

MW-05I 10/23/2008 Sample OIA 401 < 96    U 15400    B

MW-05I 2/5/2009 Sample OIA 205 < 240    U 16500 

MW-05I 8/6/2009 Sample OIA 185 < 100    U 8900 

MW-05I 4/14/2010 Sample OIA 358 < 97    U 16000 

MW-05I 9/9/2010 Sample OIA 309 < 48    U 15400 

MW-05I 6/23/2011 Sample OIA 228 < 49    U 8880 

MW-05I 12/1/2011 Sample OIA 2.4 < 2.0    U 4.6    J

MW-05I 5/23/2012 Sample OIA 3.3 < 0.48    U 6.0 

MW-05I 11/7/2012 Sample OIA 223 < 11    U 12900 

MW-05I 2/20/2013 Sample OIA 2.5 < 0.55    U 6.6 

MW-05I 8/29/2013 Sample OIA 36.8 < 4.6    U 1020 

MW-05I 6/4/2014 Sample OIA 318 < 97    U 13700 

MW-05I 12/4/2014 Sample OIA 29.7 < 48    U 7340 

MW-07-1I 5/15/2008 Sample OIA 192 < 96    U 9960 

MW-07-1I 10/23/2008 Sample OIA 314 < 97    U 12100    B

MW-07-1I 10/23/2008 Duplicate OIA 291 < 96    U 12900    B

MW-07-1I 2/5/2009 Sample OIA 216 < 190    U 14500 

MW-07-1S 5/15/2008 Sample OIA 13.3 < 48    U 3760 

MW-07-1S 10/23/2008 Sample OIA 16.2 < 24    U 2640    B

MW-07-1S 2/5/2009 Sample OIA 9.7 < 7.7    U 2910 

MW-07-2I 5/15/2008 Sample OIA < 0.2    U < 1.0    U 1.2    J

MW-07-2I 10/21/2008 Sample OIA < 0.4    U < 0.97    U < 0.97    U

MW-07-2I 2/3/2009 Sample OIA < 0.4    U < 1.0    U 1.4    BJ

MW-07-2S 5/15/2008 Sample OIA < 0.2    U < 0.96    U < 1.2    U

MW-07-2S 10/22/2008 Sample OIA < 0.4    U < 0.99    U < 0.99    U

MW-07-2S 2/3/2009 Sample OIA < 0.4    U < 0.97    U < 0.97    U

MW-07-4I 5/15/2008 Duplicate OIA 86.1 < 49    U 5540 

MW-07-4I 5/15/2008 Sample OIA 69.9 < 80    U 5890 

MW-07-4S 5/15/2008 Sample OIA 50.5 < 78    U 8220 
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Table 4-1

Benzene Benzo(a)pyrene Naphthalene
µg/L µg/L µg/L

Well Location Sample Date Sample Type Location

Chemical Name :
Units :

Summary of Groundwater Quality Data in Old Impoundment Area and Northwest Corner

MW-07-4S 10/23/2008 Sample OIA 88.8 < 0.98    U < 0.98    U

MW-07-6I 5/15/2008 Sample OIA < 0.2    U < 0.97    U < 1.2    U

MW-07-6I 10/21/2008 Sample OIA < 0.4    U < 0.99    U < 0.99    U

MW-07-6I 10/21/2008 Duplicate OIA < 0.4    U < 0.96    U < 0.96    U

MW-07-6I 2/3/2009 Sample OIA < 0.4    U < 0.98    U < 0.98    U

MW-07-6S 5/15/2008 Sample OIA 1.2 < 0.96    U 20.2 

MW-07-6S 10/22/2008 Sample OIA 4.2 < 0.98    U 54.3 

MW-07-6S 10/22/2008 Duplicate OIA 3.9 < 0.96    U 57.2 

MW-07-6S 2/4/2009 Sample OIA 0.51    J < 0.96    U 2.1    J

MW-102A 11/12/1998 Sample OIA < 1.0    U < 5.0    U < 5.0    U

MW-102A 3/9/1999 Sample OIA < 0.8    U < 2.0    U < 3.0    U

MW-102A 9/22/2003 Sample OIA < 0.096    U < 0.59    U < 10    U

MW-102A 9/22/2003 Sample OIA < 0.096    U < 0.59    U < 1.0    U

MW-102A 10/9/2003 Sample OIA 0.59    J < 0.59    U < 1.0    U

MW-102A 1/28/2004 Sample OIA < 0.36    U < 0.59    U 3.9    J

MW-102A 4/13/2004 Sample OIA < 0.5    U < 1.1    U 10.1 

MW-102A 7/6/2004 Sample OIA 27.8 < 4.6    U 1460 

MW-102A 10/7/2004 Sample OIA 24.4    J < 4.1    U 398 

MW-102A 1/6/2005 Sample OIA 109 < 10    U 6980 

MW-102A 4/14/2005 Sample OIA 80.1 < 4.0    U 8040 

MW-102A 7/20/2005 Sample OIA 74.9 < 5.2    U 11500 

MW-102A 10/4/2005 Sample OIA 39.3 < 19    U 6470 

MW-102A 2/16/2006 Sample OIA 19.1 < 40    U 4530 

MW-102A 5/9/2006 Sample OIA 27.4 < 100    U 7270 

MW-102A 8/8/2006 Sample OIA 21.5 < 51    U 6290 

MW-102A 11/15/2006 Sample OIA 13.8 < 10    U 6460 

MW-102A 1/9/2007 Sample OIA 11 < 10    U 4550 

MW-102A 5/8/2007 Sample OIA 11.6 < 20    U 6790 

MW-102A 11/29/2007 Sample OIA 11.8 < 4.0    U 3860 

MW-102A 5/14/2008 Sample OIA 9.8 < 4.8    U 3280 

MW-102A 10/23/2008 Sample OIA 10.2 < 19    U 1950    B

MW-102A 2/5/2009 Sample OIA 7.5 < 7.8    U 2280 

MW-102A 8/6/2009 Sample OIA 5.7 < 1.0    U 631 

MW-102A 4/14/2010 Sample OIA 7.6 < 19    U 3240 

MW-102A 4/14/2010 Duplicate OIA 7.5 < 38    U 3880 

MW-102A 9/9/2010 Sample OIA 6.4    J < 19    U 6830 

MW-102A 6/23/2011 Sample OIA 10.6 < 48    U 10900 

MW-102A 12/1/2011 Sample OIA 6.9 < 20    U 3690 

MW-102A 5/23/2012 Sample OIA 9.2 < 24    U 3320 

MW-102A 11/8/2012 Sample OIA 20.5 < 11    U 13300 

MW-102A 2/20/2013 Sample OIA 12.8 < 11    U 5420 

MW-102A 9/4/2013 Sample OIA 16.3 < 27    U 8630 
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Table 4-1

Benzene Benzo(a)pyrene Naphthalene
µg/L µg/L µg/L

Well Location Sample Date Sample Type Location

Chemical Name :
Units :

Summary of Groundwater Quality Data in Old Impoundment Area and Northwest Corner

MW-102A 6/4/2014 Sample OIA 11.1 < 95    U 2620 

MW-102A 12/4/2014 Sample OIA 6.9 < 48    U 1580 

MW-102B 11/12/1998 Sample OIA 21 < 5.0    U 140 

MW-102B 3/9/1999 Sample OIA 9.0 < 2.0    U 1100 

MW-102B 3/9/1999 Duplicate OIA 9.0 < 2.0    U 1000 

MW-102B 9/23/2003 Sample OIA 0.59    J < 0.59    U < 1.0    U

MW-102B 1/27/2004 Sample OIA 18 < 0.59    U < 1.0    U

MW-102B 4/13/2004 Sample OIA 17 < 1.1    U 390 

MW-102B 7/6/2004 Sample OIA 22 < 4.3    U 1260 

MW-102B 10/7/2004 Sample OIA 22.5 < 19    U 1300 

MW-102B 1/6/2005 Sample OIA 20.8 < 10    U 986 

MW-102B 4/14/2005 Sample OIA 18.9 < 0.98    UJ 259    J

MW-102B 7/20/2005 Sample OIA 20.8 < 1.0    U < 1.0    U

MW-102B 10/4/2005 Sample OIA 20.5 < 11    U 1330 

MW-102B 2/16/2006 Sample OIA 22.3 < 10    U 832 

MW-102B 5/9/2006 Sample OIA 19.7 < 1.1    U 843 

MW-102B 8/8/2006 Sample OIA 20.8 < 3.8    U 598 

MW-102B 11/15/2006 Sample OIA 19.4 < 1.0    U 649 

MW-102B 1/9/2007 Sample OIA 18.1 < 0.98    U 333 

MW-102B 5/8/2007 Duplicate OIA 24.7 < 2.0    U 331 

MW-102B 5/8/2007 Sample OIA 23.9 < 3.8    U 569 

MW-102B 11/28/2007 Sample OIA 28.4 < 0.98    U 472 

MW-102B 5/14/2008 Sample OIA 28.7 < 0.97    U 319 

MW-102B 10/22/2008 Sample OIA 34.5 < 1.0    U 598 

MW-102B 2/4/2009 Sample OIA 24.7 < 0.97    U 546 

MW-102B 8/5/2009 Sample OIA 34.9 < 1.0    U 279 

MW-102B 4/14/2010 Sample OIA 36 < 0.95    U 360 

MW-102B 9/9/2010 Sample OIA 37.7 < 0.96    U 229 

MW-102B 6/22/2011 Sample OIA 31.9 < 0.48    U 104 

MW-102B 11/30/2011 Sample OIA 37.3 < 0.51    U 460 

MW-102B 5/22/2012 Sample OIA 32.2 < 0.5    U < 0.79    U

MW-102B 11/7/2012 Sample OIA 33.7 < 0.55    U 545 

MW-102B 2/20/2013 Sample OIA 41.6 < 0.56    U 411 

MW-102B 8/29/2013 Sample OIA 36.3 < 0.55    U 302 

MW-102B 6/4/2014 Sample OIA 40.3 < 4.7    U 61.7 

MW-102B 12/3/2014 Sample OIA 35.4 < 4.8    U 73.9 

MW-103A 11/13/1998 Duplicate OIA < 1.0    U < 5.0    U < 5.0    U

MW-103A 11/13/1998 Sample OIA < 1.0    U < 5.0    U < 5.0    U

MW-103A 3/9/1999 Sample OIA < 0.8    U < 2.0    U < 3.0    U

MW-103A 9/22/2003 Sample OIA < 0.096    U < 0.59    U 8.9    J

MW-103A 9/22/2003 Sample OIA < 0.096    U < 0.59    U 10 

MW-103A 1/28/2004 Sample OIA < 0.36    U < 0.59    U 1.4    J
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Benzene Benzo(a)pyrene Naphthalene
µg/L µg/L µg/L

Well Location Sample Date Sample Type Location
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MW-103A 4/14/2004 Sample OIA < 0.5    U < 1.1    U < 1.1    U

MW-103A 7/7/2004 Sample OIA < 0.5    U < 1.0    U < 1.0    U

MW-103A 10/7/2004 Sample OIA < 0.5    U < 1.0    U < 1.0    U

MW-103A 1/6/2005 Sample OIA < 0.5    U < 1.1    U 4.4    J

MW-103A 4/14/2005 Sample OIA < 0.5    U < 0.97    U < 0.97    U

MW-103A 7/20/2005 Sample OIA < 0.5    U < 1.0    U < 1.0    U

MW-103A 10/4/2005 Sample OIA < 0.5    U < 1.0    U < 1.0    U

MW-103A 2/16/2006 Sample OIA < 0.5    U < 1.0    U < 1.0    U

MW-103A 5/9/2006 Sample OIA < 0.5    U < 1.1    U 1.6    J

MW-103A 8/7/2006 Sample OIA < 0.5    U < 0.95    U 1.9    J

MW-103A 11/13/2006 Sample OIA < 0.5    U < 0.99    U < 0.99    U

MW-103A 1/9/2007 Sample OIA < 0.5    U < 0.98    U < 0.98    U

MW-103A 5/7/2007 Sample OIA < 0.5    U < 0.95    U 1.2    J

MW-103A 11/26/2007 Sample OIA < 0.2    U < 1.0    U < 1.2    U

MW-103A 5/13/2008 Sample OIA < 0.2    U < 0.97    U < 1.2    U

MW-103A 10/21/2008 Sample OIA < 0.4    U < 1.0    U < 1.0    U

MW-103A 2/3/2009 Sample OIA < 0.4    U < 0.98    U < 0.98    U

MW-103A 8/4/2009 Sample OIA < 0.4    U < 0.96    U < 0.96    U

MW-103A 4/13/2010 Sample OIA < 0.21    U < 1.0    U < 1.0    U

MW-103A 9/8/2010 Sample OIA < 0.21    U < 1.0    U < 1.0    U

MW-103A 6/22/2011 Sample OIA < 0.2    U < 0.49    U < 0.78    U

MW-103A 6/22/2011 Duplicate OIA < 0.2    U < 0.48    U < 0.76    U

MW-103A 11/30/2011 Sample OIA < 0.2    U < 0.49    U < 0.78    U

MW-103A 5/22/2012 Sample OIA < 0.2    U < 0.49    U < 0.78    U

MW-103A 11/7/2012 Sample OIA < 1.1    U < 0.54    U < 0.61    U

MW-103A 2/20/2013 Sample OIA < 0.21    U < 0.55    U < 0.62    U

MW-103A 8/28/2013 Sample OIA < 0.21    U < 0.53    U < 0.59    U

MW-103A 6/4/2014 Sample OIA < 0.24    U < 0.62    U < 0.48    U

MW-103A 12/3/2014 Sample OIA < 0.24    U < 0.62    U < 0.48    U

MW-103B 11/13/1998 Sample OIA < 1.0    U < 5.0    U < 5.0    U

MW-103B 3/9/1999 Sample OIA 1.0 < 2.0    U < 3.0    U

MW-103B 9/22/2003 Sample OIA 2.2 < 0.59    U 5.9    J

MW-103B 9/22/2003 Sample OIA 2.2 < 0.59    U 10 

MW-103B 8/7/2006 Sample OIA 2.6 < 1.1    U 4.8    J

MW-103B 11/13/2006 Sample OIA 2.6 < 0.98    U 6.3 

MW-103B 1/10/2007 Sample OIA 2.4 < 1.0    U 6.2 

MW-103B 5/7/2007 Sample OIA 2.1 < 0.95    U < 0.95    U

MW-103B 11/27/2007 Sample OIA 2.4 < 0.97    U < 1.2    U

MW-103B 5/13/2008 Sample OIA 2.8 < 0.97    U 4.3    J

MW-109 11/13/1998 Sample OIA 4.0 < 5.0    U 2000 

MW-109 3/9/1999 Sample OIA < 0.8    U < 2.0    U 180 

MW-109 9/23/2003 Sample OIA 0.89    J < 0.59    U 19 
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TI Waiver Application
Former Koppers Charleston Site
Amec Foster Wheeler Project No. 6123130255

April 2016

Table 4-1

Benzene Benzo(a)pyrene Naphthalene
µg/L µg/L µg/L

Well Location Sample Date Sample Type Location

Chemical Name :
Units :

Summary of Groundwater Quality Data in Old Impoundment Area and Northwest Corner

MW-109 9/23/2003 Sample OIA 0.89    J < 0.59    U 19 

MW-109 9/23/2003 Duplicate OIA 0.78    J < 0.59    U 6.0    J

MW-109 9/23/2003 Duplicate OIA 0.78    J < 0.59    U 6.0    J

MW-109 10/11/2004 Sample OIA < 0.5    U < 0.96    U 5.0 

MW-109 10/4/2005 Sample OIA < 0.5    U < 1.1    U 4.2    J

MW-109 11/14/2006 Sample OIA < 0.5    U < 1.0    U 5.9 

MW-109 11/28/2007 Sample OIA 0.58    J < 0.98    U 15.4 

MW-109 5/14/2008 Sample OIA < 0.2    U < 0.96    U 320 

MW-109 10/23/2008 Sample OIA < 0.4    U < 0.97    U 3.2    BJ

MW-109 2/4/2009 Sample OIA < 0.4    U < 0.96    U 2.9    J

MW-109 8/5/2009 Sample OIA < 0.4    U < 1.0    U 2.0    BJ

MW-109 4/14/2010 Sample OIA < 0.21    U < 1.0    U 1.0    J

MW-109 9/9/2010 Sample OIA 0.43    J < 1.0    U 18 

MW-109 6/22/2011 Sample OIA < 0.2    U < 0.49    U 3.4    J

MW-109 12/1/2011 Sample OIA < 0.2    U < 0.5    U 1.4    J

MW-109 5/22/2012 Sample OIA < 0.2    U < 0.5    U 31 

MW-109 11/7/2012 Sample OIA < 0.21    U < 0.55    U 9.8 

MW-109 2/20/2013 Sample OIA < 0.21    U < 0.55    U 2.9    J

MW-109 8/29/2013 Sample OIA < 0.21    U < 0.54    U 2.3    J

MW-109 6/4/2014 Sample OIA < 0.24    U < 0.62    U 2.0    J

MW-109 12/3/2014 Sample OIA < 0.24    U < 0.64    U 1.2    J

MW-201I 9/22/2003 Sample OIA 1.1 < 0.59    U 100 

MW-201I 9/22/2003 Sample OIA 1.1 < 0.59    U 100 

MW-201I 1/28/2004 Sample OIA < 0.36    U < 0.59    U < 1.0    U

MW-201I 4/14/2004 Sample OIA < 0.5    U < 1.0    U < 1.0    U

MW-201I 7/8/2004 Sample OIA < 0.5    U < 1.0    U < 1.0    U

MW-201I 10/8/2004 Sample OIA NA < 1.0    U < 1.0    U

MW-201I 10/11/2004 Sample OIA 0.51    J NA NA

MW-201I 1/6/2005 Sample OIA < 0.5    U < 1.0    U < 1.0    U

MW-201I 4/14/2005 Sample OIA < 0.5    U < 0.98    U < 0.98    U

MW-201I 7/20/2005 Sample OIA < 0.5    U < 0.98    U 1.0    J

MW-201I 10/5/2005 Sample OIA < 0.5    U < 1.0    U 2.0    J

MW-201I 2/17/2006 Sample OIA < 0.5    U < 0.98    U < 0.98    U

MW-201I 5/10/2006 Sample OIA 7.4 < 1.1    U 370 

MW-201I 8/8/2006 Sample OIA < 0.5    U < 0.97    U 2.5    J

MW-201I 11/15/2006 Duplicate OIA < 0.5    U < 1.0    U 1.7    J

MW-201I 11/15/2006 Sample OIA < 0.5    U < 1.0    U 1.9    J

MW-201I 1/9/2007 Duplicate OIA < 0.5    U < 1.0    U 1.8    J

MW-201I 1/9/2007 Sample OIA < 0.5    U < 1.0    U 2.6    J

MW-201I 5/8/2007 Sample OIA < 0.5    U < 0.95    U 1.9    J

MW-201I 11/27/2007 Sample OIA < 0.2    U < 0.96    U < 1.2    U

MW-201I 5/13/2008 Sample OIA < 0.2    U < 0.99    U < 1.2    U
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Table 4-1

Benzene Benzo(a)pyrene Naphthalene
µg/L µg/L µg/L

Well Location Sample Date Sample Type Location

Chemical Name :
Units :

Summary of Groundwater Quality Data in Old Impoundment Area and Northwest Corner

MW-201I 10/22/2008 Sample OIA < 0.4    U < 0.98    U < 0.98    U

MW-201I 2/4/2009 Sample OIA < 0.4    U < 0.97    U 1.4    J

MW-201I 8/5/2009 Sample OIA < 0.4    U < 0.96    U < 0.96    U

MW-201I 4/13/2010 Sample OIA < 0.21    U < 0.95    U 0.96    J

MW-201I 9/8/2010 Sample OIA < 0.21    U < 0.99    U < 0.99    U

MW-201I 6/22/2011 Sample OIA < 0.2    U < 0.48    U 1.3    J

MW-201I 11/30/2011 Sample OIA < 0.2    U < 0.48    U 0.8    J

MW-201I 5/22/2012 Sample OIA < 0.2    U < 0.49    U 1.3    J

MW-201I 11/7/2012 Sample OIA < 0.21    U < 0.55    U 0.72    J

MW-201I 2/20/2013 Sample OIA < 0.21    U < 0.55    U 1.4    J

MW-201I 8/29/2013 Sample OIA < 0.21    U < 0.57    U 1.0    J

MW-201I 6/4/2014 Sample OIA < 0.24    U < 0.63    U 1.1    J

MW-201I 12/3/2014 Sample OIA < 0.24    U < 0.62    U 0.58    J

MW-201S 9/22/2003 Sample OIA 9.4    B 12    J NA

MW-201S 9/22/2003 Sample OIA 9.4 12    J 14000 

MW-201S 1/29/2004 Sample OIA 8.0 < 5.9    U 11000 

MW-201S 4/15/2004 Sample OIA < 50    U < 11    U 14800 

MW-201S 7/8/2004 Sample OIA 1020 < 22    U 15300 

MW-201S 10/12/2004 Sample OIA 10.6    J 10.9    J 13000 

MW-201S 1/6/2005 Sample OIA 8.9    J < 22    U 13000 

MW-201S 4/15/2005 Sample OIA 12.5 < 20    U 12300 

MW-201S 7/21/2005 Sample OIA 9.1    J < 9.7    U 10500 

MW-201S 10/11/2005 Sample OIA 9.5    J < 11    U 12800 

MW-201S 2/17/2006 Sample OIA < 25    U < 41    U 13100 

MW-201S 5/10/2006 Sample OIA 9.3 7.8    J 10100 

MW-201S 8/9/2006 Sample OIA 9.1 < 63    U 12600 

MW-201S 11/15/2006 Sample OIA 5.5 < 200    U 12700 

MW-201S 1/10/2007 Sample OIA < 0.5    U < 20    U 8740 

MW-201S 5/8/2007 Sample OIA 9.0    J < 20    U 8830 

MW-201S 11/29/2007 Sample OIA 9.2 < 78    U 13500 

MW-201S 5/14/2008 Sample OIA 8.8 < 9.8    U 10600 

MW-201S 10/23/2008 Sample OIA 12.1 < 96    U 13600    B

MW-201S 2/5/2009 Sample OIA < 8.0    U < 98    U 11800 

MW-201S 8/6/2009 Sample OIA 10.4 < 8.0    U 7360 

MW-201S 4/14/2010 Sample OIA 0.48    J < 24    U 4910 

MW-201S 9/9/2010 Sample OIA 3.8    J < 48    U 8060 

MW-201S 6/23/2011 Sample OIA 9.6    J < 98    U 4790 

MW-201S 12/1/2011 Sample OIA 6.2 < 20    U 4280 

MW-201S 5/23/2012 Sample OIA 5.9 < 4.8    U 2780 

MW-201S 11/8/2012 Sample OIA 7.0 < 11    U 7040 

MW-201S 2/21/2013 Sample OIA 2.9 < 2.3    U 2800 

MW-201S 9/4/2013 Sample OIA 7.6 < 2.2    U 7990 

MW-201S 6/4/2014 Sample OIA 10.6 < 95    U 6970 
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TI Waiver Application
Former Koppers Charleston Site
Amec Foster Wheeler Project No. 6123130255

April 2016

Table 4-1

Benzene Benzo(a)pyrene Naphthalene
µg/L µg/L µg/L

Well Location Sample Date Sample Type Location

Chemical Name :
Units :

Summary of Groundwater Quality Data in Old Impoundment Area and Northwest Corner

MW-201S 12/4/2014 Sample OIA 0.87    J < 950    U 3940 

PZ-200 9/22/2003 Sample OIA 0.8    BJ < 0.59    U 73 

PZ-200 9/22/2003 Sample OIA 0.8    J < 0.59    U 73 

PZ-200 10/10/2003 Sample OIA NA NA < 1.0    U

PZ-201 9/22/2003 Sample OIA 2.5 < 0.59    U < 10    U

PZ-201 9/22/2003 Sample OIA 2.5 < 0.59    U NA

PZ-201 10/23/2008 Sample OIA < 0.4    U < 0.96    U 2.4    BJ

Notes:
Source of data: database maintained in Earthsoft EQuIS format by Beazer/FTS
µg/L - micrograms per liter
Location: NWC = Northwest Corner, OIA = Old Impoundment Area
RL - Laboratory Analytical Reporting Limit; MDL - Method Detection Limit

Data Qualifier Definitions:
B – Estimated due to blank contamination.
BJ - Estimated due to blank contamination/QC criteria.
J – Estimated based on QC criteria.
NA – Not Analyzed.
U – Not detected at or above the RL or MDL shown.
UJ – Not detected, estimated based on QC criteria.
< – Not detected at or above the RL or MDL.
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April 2016

Table 4-2
Boring Log Summary Of Old Impoundment Area (OIA) NAPL Zones

Boring/Monitoring Well ID SBW-1 SBW-1A SBW-1B SBW-1C SBW-2 SBW-3 SBW-4 SBW-4 (Offset) SBW-4A

Creosote/NAPL 
from 7 to 8-feet

Creosote/NAPL 
from 7 to 9-feet

Continuation of
SB W-4 from 24-

feet to
termination at

36-feet

Creosote/NAPL
from 8 to 12-

feet

Creosote/NAPL
from 12 to 13-

feet

Slight creosote
odor

Creosote/NAPL
from 12 to 14-

feet

Creosote/NAPL from 
16 to 17-feet

Residual
creosote

staining 29-30-
feet

Top of DNAPL Retarding Zone (bgs) 6 13 9 11.5 6

Slight creosote
odor

Creosote/NAPL
from 29 to 30-

feet

Top of Clay (bgs) 37 NL NL NL 28 28 23.5 22
Boring Total Depth (bgs) 40 16 20 20 36 36 24 36 36
Logged By (Company) Winter Winter Winter Winter Winter Winter Winter Winter Winter
Date Completed 9/28/2010 9/29/2010 10/6/2010 10/6/2010 9/29/2010 9/29/2010 9/29/2010 9/30/2010 9/30/2010

Notes
* BGS = below ground surface 
** Boring with surficial NAPL impacts, addressed during ROD activities
NP = Not Present
NL = Not Logged, Shallow boring
Source: Winter Environmental, December 10, 2010; 
  amended by Amec Foster Wheeler, February 2015
Boring logs provided in Attachment A

Shallow Creosote Zone (bgs)
Creosote/NAPL
saturated from

10-12-feet

Creosote/NAPL
saturated from
7.5 to 8-feet

NPNPOdor at top foot Slight Odor

Deeper / Intermediate Creosote Zone (bgs) NP NL 16 -17 (1') NPNPNPNL NP
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TI Waiver Application
Former Koppers Charleston Site
Amec Foster Wheeler Project No. 6123130255

April 2016

Boring/Monitoring Well ID

Top of DNAPL Retarding Zone (bgs)

Top of Clay (bgs)
Boring Total Depth (bgs)

Logged By (Company)

Date Completed

Notes
* BGS = below ground surface 
** Boring with surficial NAPL impacts, addressed during ROD activities
NP = Not Present
NL = Not Logged, Shallow boring
Source: Winter Environmental, December 10, 2010; 
  amended by Amec Foster Wheeler, February 2015
Boring logs provided in Attachment A

Shallow Creosote Zone (bgs)

Deeper / Intermediate Creosote Zone (bgs)

Table 4-2
Boring Log Summary Of Old Impoundment Area (OIA) NAPL Zones

SBW-4B SBW-4C SBW-4D SBW-5 SBW-5A SBW-5B SBW-6  SBW-7 SBW-7A SBW-7B

Creosote/NAPL at 
3.5-feet

Residual Creosote
from 8 to 12-

feet

Creosote/NAPL
from 4 to 7.5-

feet

Creosote odor
from 8 to 10-

feet

6 14 10 10 15 4 11 10

22 NL 24 NL NL NL 22 25 24
36 16 20 36 16 20 16 32 36 36

Winter Winter Winter Winter Winter Winter Winter Winter Winter Winter
10/6/2010 10/6/2010 10/14/2010 9/29/2010 10/1/2010 10/6/2010 9/30/2010 9/30/2010 10/1/2010 10/11/2010

Residual
creosote staining 

from 9.5 to 10-feet

Residual
creosote

staining from 5
to 6.5-feet

Slight creosote
odor at 7-feet

(no free
product)

Slight creosote
odor at 2.5-feet
(no product);

diesel odor at 10
to 11.5-feet

Dark black
liquid/light
possible

creosote/petrol
eum mix at 9-

feet
Residual Creosote

visible from 12
to 16-feet

NP NP NP

Residual
creosote

staining from
27.5 to 30-feet

NP

Residual
creosote

staining at 19.5-
feet

NP NL NL NP NL NL NL
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TI Waiver Application
Former Koppers Charleston Site
Amec Foster Wheeler Project No. 6123130255

April 2016

Boring/Monitoring Well ID

Top of DNAPL Retarding Zone (bgs)

Top of Clay (bgs)
Boring Total Depth (bgs)

Logged By (Company)

Date Completed

Notes
* BGS = below ground surface 
** Boring with surficial NAPL impacts, addressed during ROD activities
NP = Not Present
NL = Not Logged, Shallow boring
Source: Winter Environmental, December 10, 2010; 
  amended by Amec Foster Wheeler, February 2015
Boring logs provided in Attachment A

Shallow Creosote Zone (bgs)

Deeper / Intermediate Creosote Zone (bgs)

Table 4-2
Boring Log Summary Of Old Impoundment Area (OIA) NAPL Zones

SBW-21 SBW-22 SBW-23 SBW-24 SBW-33 SBW-33A SBW-33B B07-1 B07-2 B07-3

Creosote/NAPL
saturated from
7.5 to 13-feet

Residual
creosote staining 

from 7.5 to 9.5-feet

11 9 14 4 16 8 12 NL
Residual
creosote

staining at 18,
19 and 20.5-feet

Residual
creosote

staining lens at
21 feet

24 38 25 23 32 NL NL NP NP 30.5
36 40 36 36 36 20 20 32 30 40

Winter Winter Winter Winter Winter Winter Winter Key Key Key
10/12/2010 10/11/2010 10/12/2010 10/12/2010 10/12/2010 10/12/2010 10/13/2010 12/11/2007 12/11/2007 12/11/2007

NP

NP NPNP NP NP

Residual
creosote

staining at 18,
19, 20, 23 and

27.5-feet

Creosote/NAPL
saturated from
29 to 30.5-feet

NL

Black organic
staining at 11.5-

feetResidual
creosote

staining 13 to 14-
feet

Residual
creosote staining at 

14 and 15.5-feet

Creosote/NAPL
saturated 6 to 8-

feet

Residual
creosote

staining 8 to 11-
feet

Creosote/NAPL
saturated from
7.5 to 8.5-feet

Residual
creosote

staining at 9-
feet

Creosote/NAPL
saturated from 8

to 10-feet

Residual
creosote

staining at 10-
feet

NL NP

NP
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Former Koppers Charleston Site
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April 2016

Boring/Monitoring Well ID

Top of DNAPL Retarding Zone (bgs)

Top of Clay (bgs)
Boring Total Depth (bgs)

Logged By (Company)

Date Completed

Notes
* BGS = below ground surface 
** Boring with surficial NAPL impacts, addressed during ROD activities
NP = Not Present
NL = Not Logged, Shallow boring
Source: Winter Environmental, December 10, 2010; 
  amended by Amec Foster Wheeler, February 2015
Boring logs provided in Attachment A

Shallow Creosote Zone (bgs)

Deeper / Intermediate Creosote Zone (bgs)

Table 4-2
Boring Log Summary Of Old Impoundment Area (OIA) NAPL Zones

B07-4 B07-5 B07-6 MW-102A/B MW-103A/B MW-201S/I MW-07-1S/I MW-07-2S/I MW-07-3S MW-07-3I

Oily sheen from 
4.1 to 5.3-feet

NAPL stained
from 1.9 to 2.3-

feet

Odor from 8 to 11-
feet

NAPL stained
from 4.2 to 6.7-

feet

NAPL stained
from 7 to 9-feet

NP NP NP 14 NP NP NP NP NP

35 37 35 29 33 NL 32 32 NL 32.7
37 42 42 32 34 32 32 37 27 37

Key Key Key Key Key Key Key Key Key Key
12/12/2007 12/13/2007 12/4/2007 10/29/1998 10/30/1998 6/24/2003 12/7/2007 12/12/2007 12/13/2007 12/13/2007

NL

Oily zone from 7 to 
8.8-feet

NAPL seams
variable 20.8

to 30.5 feet and
noted from 31.1
31.2-feet (.1')

NP

NP

Black staining
noted from 2.5

to 5.5-feet

NAPL seams
from 4.8 to 7.0-

feet
oily sheen from 9.8 
to 10.3-feet

NP

NPNAPL staining
27.0 to 27.9-feet NP NP

NP

NP

NP

NP NP
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April 2016

Boring/Monitoring Well ID

Top of DNAPL Retarding Zone (bgs)

Top of Clay (bgs)
Boring Total Depth (bgs)

Logged By (Company)

Date Completed

Notes
* BGS = below ground surface 
** Boring with surficial NAPL impacts, addressed during ROD activities
NP = Not Present
NL = Not Logged, Shallow boring
Source: Winter Environmental, December 10, 2010; 
  amended by Amec Foster Wheeler, February 2015
Boring logs provided in Attachment A

Shallow Creosote Zone (bgs)

Deeper / Intermediate Creosote Zone (bgs)

Table 4-2
Boring Log Summary Of Old Impoundment Area (OIA) NAPL Zones

MW-07-4S/I MW-07-5S/I MW-07-6S/I EW-05I EW-15S EW-16S EW-17S SB-14 SB-81** SB-97

Sheen noted in
seam from 1.5

to 1.6-feet

NAPL saturated 
from 7 to 9-feet

NAPL from 4 to 6-
feet

NAPL staining at 
8-feet

NAPL seams
noted from 14.2

to 16.9-feet

NP NP NP 11 12 12 9 NL NL NL

NAPL Seam from 
19.3 to 20.4-feet

(6')

NAPL seam from
29 - 30 (1')

36 32.7 37.3 31 NL NL NL NL NL NL
37 37 42 36 14 14 20 4 5 10
Key Key Key Key Key Key Key ENSR ENSR ENSR

12/13/2007 12/14/2007 12/12/2007 6/17/2003 6/24/2003 6/24/2003 6/25/2003 6/9/1993 2/4/1994 3/3/1994

Strong odor
from 9 to 12-

feet

NL NL NL NL

Visible NAPL in
sample collected
from surface to

0.5-feet

Black stains
from 1 to 2-feet

NAPL saturated
from 6 to 10-

feet

Black staining
noted at 6-feet

product
observed from 8 to 

11-feet

NAPL and
staining from 8

to 12-feet

NAPL observed
in shell hash

zone 20 to 29-
feet

Staining and
product

observed from
17 to 31-feet

NL

NP

NP

Odor from 6 to 9-feet

Odor from 10 to 20-
feet
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Former Koppers Charleston Site
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April 2016

Boring/Monitoring Well ID

Top of DNAPL Retarding Zone (bgs)

Top of Clay (bgs)
Boring Total Depth (bgs)

Logged By (Company)

Date Completed

Notes
* BGS = below ground surface 
** Boring with surficial NAPL impacts, addressed during ROD activities
NP = Not Present
NL = Not Logged, Shallow boring
Source: Winter Environmental, December 10, 2010; 
  amended by Amec Foster Wheeler, February 2015
Boring logs provided in Attachment A

Shallow Creosote Zone (bgs)

Deeper / Intermediate Creosote Zone (bgs)

Table 4-2
Boring Log Summary Of Old Impoundment Area (OIA) NAPL Zones

SB-98 SB-130 SB-131 SB-136 SB-137 SB-138 SB-148 SB-149 SB-150 SB-151

Saturated NAPL 
from 4 to 6-feet

Staining
observed from 2 to 8-

feet

Black oil resin
with little odor

Creosote
staining in

intervals from 4
to 8-feet

NAPL odor
present in
samples

collected from 2
to 8-feet

NAPL staining
from 2 to 8-feet

White sand with
bands of NAPL
from 6 to 8-feet

NAPL from 8-10- 
feet

Split spoon
coated with

NAPL from 8 to
10-feet

NAPL staining
from 10-12-feet

8 NP NP 10 9 NP NP NP

NL

NL NP NL NL NL NL NL NL NL NL
10 30 16 14 20 16 36 34 18 18

ENSR ENSR ENSR ENSR ENSR ENSR ENSR ENSR ENSR ENSR
3/3/1994 3/13/1995 3/14/1995 1/13/1995 3/14/1995 3/14/1995 3/18/1995 3/18/1995 3/20/1995 3/20/1995

Strong creosote 
odor at 14-feet

NAPL staining in
samples

collected from
12 to 14-feet
and 14 to 16-

feet

NL NL

NP NP

NAPL odorslight NAPL odor

Creosote
saturated from 4

to 10-feet

Creosote
staining in intervals 
from 10 to 16-feet

NL

NP

NL NL NLNP

NP
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Former Koppers Charleston Site
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April 2016

Boring/Monitoring Well ID

Top of DNAPL Retarding Zone (bgs)

Top of Clay (bgs)
Boring Total Depth (bgs)

Logged By (Company)

Date Completed

Notes
* BGS = below ground surface 
** Boring with surficial NAPL impacts, addressed during ROD activities
NP = Not Present
NL = Not Logged, Shallow boring
Source: Winter Environmental, December 10, 2010; 
  amended by Amec Foster Wheeler, February 2015
Boring logs provided in Attachment A

Shallow Creosote Zone (bgs)

Deeper / Intermediate Creosote Zone (bgs)

Table 4-2
Boring Log Summary Of Old Impoundment Area (OIA) NAPL Zones

SB-155** SB-163** SB-200 SB-202/MW-109 SB-215 SB-219 SB-220B SB-222 SB-233

Saturated NAPL
from surface to

4-feet

Creosote
product in bands

at 5-feet

Residual
creosote in

bands at 5-feet

Creosote with
product at 5-

feet

Some black
staining from 2

to 2.7-feet

some black
staining at 2-

feet

Dark orange
staining at 8-

feet

Saturated NAPL last 
4-inches of sample 

collected from 4 to 6-
feet

Creosote
product at 11-

feet

Creosote with
product at 8-

feet

stained areas
from 8-12-feet

Orange 
staining at 5-
feet

Ditch area that
has been over

excavated?

Area that was
over excavated?

4 - 5 (1')
10 - 11 (1')

Peat observed
at 16-feet

Dark Orange
stained areas

from 14.3 to 16-
feet

Dark orange fine 
SAND at 11-feet

NP NP 8 13 8 NP NP 18 12

NL NL NP NP 24 29 29 26 NL
10 10 38 34 32 32 34 32 14

ENSR ENSR Key Key Key Key Key Key Key
3/20/1995 3/21/1995 10/20/1998 10/20/1998 10/27/1998 10/28/1998 10/29/1998 10/29/1998 11/6/1998

NL NL

Saturated NAPL 
from surface to 2-

inches

Some staining
and odor at 14.8
feet and from 16

to 16.8-feet

NP
- NP NP

Creosote
product on

spoon at 8-feet

NP NL

Creosote in bands

NP

Minor sheen
and light

staining from 22
29-feet (7')
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Boring/Monitoring Well ID

Top of DNAPL Retarding Zone (bgs)

Top of Clay (bgs)
Boring Total Depth (bgs)

Logged By (Company)

Date Completed

Notes
* BGS = below ground surface 
** Boring with surficial NAPL impacts, addressed during ROD activities
NP = Not Present
NL = Not Logged, Shallow boring
Source: Winter Environmental, December 10, 2010; 
  amended by Amec Foster Wheeler, February 2015
Boring logs provided in Attachment A

Shallow Creosote Zone (bgs)

Deeper / Intermediate Creosote Zone (bgs)

Table 4-2
Boring Log Summary Of Old Impoundment Area (OIA) NAPL Zones

SB-238 SB-261A SB-262A SB-310-02 SB-311-02 PZ-200 PZ-201

Sheen on 
water at 8-
feet

12 3.75 6 11 16 11 11

33.3 NL NL NL NL NL NL
34 8.5 6.0 12.0 16.0 12.0 12.0

Key D&M D&M Key Key Key Key
11/9/1998 5/18/1998 5/18/1998 9/10/2002 9/10/2002 9/10/2002 9/10/2002

Free phase NAPL 
8.5 to 10.8-feet

NL

NP

NL

Stained strong odor 
at 7-feet. Moderate 

odor at 10-feet.
NP

NL NLNL

Free product
creosote at 6-

feet
Creosote

product at 12-
feet

Free product
creosote at 4.5-

feet

NP NL
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Source: Figure 6, 2014 Annual Operations and Monitoring Report, Field and Technical Services, LLC
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Source: Figure 6, 2014 Annual Operations and Monitoring Report, Field and Technical Services, LLC
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Source: Figure 6, 2014 Annual Operations and Monitoring Report, Field and Technical Services, LLC
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Source: Figure 6, 2014 Annual Operations and Monitoring Report, Field and Technical Services, LLC
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Source: Figure 6, 2014 Annual Operations and Monitoring Report, Field and Technical Services, LLC
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Source: Figure 6, 2014 Annual Operations and Monitoring Report, Field and Technical Services, LLC
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Source: Figure 6, 2014 Annual Operations and Monitoring Report, Field and Technical Services, LLC
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Potential Chemical Specific ARAR Criteria Summary Description
Potential ARAR 
for Proposed 

Remedial Action?

Potential TBC 
for Proposed 

Remedial Action?
Clean Water Act (CWA)

33 USC §§1251-1387; 33 CFR Parts 320-330, 335-338; 40 CFR Parts 104-
140, 230-233, 401-471; Executive Order 11990 (Protection of Wetlands)

Surface Water Standards
South Carolina Code §48-1-10 et seq ; 40 CFR Part 122;

Federal Groundwater Standards
40 CFR Part 141, National primary drinking water standards

Drinking Water Standards and Health Advisories
USEPA 2012 Edition, Office of Water EPA 822-S-12-001

South Carolina Groundwater Standards
South Carolina Code §48-1-10 et seq, Water Classifications and Standards

South Carolina Drinking Water Standards
South Carolina Code §48-2-10 and 48-39-10 et seq

Human Health Risk-Based Screening Levels for Site Constituents
USEPA Regional Screening Levels for Chemical Contaminants at 
Superfund Sites.

Ecological Risk-Based Screening Levels for Site Constituents
USEPA Region 4: Supplemental Guidance to RAGS: Region 4 Bulletins, 
Ecological Risk Assessment

Notes: Prepared/Date:  LSM 2/3/15
ARAR = Applicable or Relevant and Appropriate Requirement Checked/Date: SEG 2/4/15
CFR = Code of Federal Regulations Revised/Date: LSM 8/17/2015
RAGS = Risk Assessment Guidance for Superfund
USC = United States Code
USDOE = United States Department of Energy
USEPA = United States Environmental Protection Agency
§ = denotes section

Table 5-1
Potential Applicable or Relevant and Appropriate Requirements:  Chemical-Specific

Establishes concentrations of drinking water contaminants at Drinking Water 
Specific Risk Level Concentration for cancer (10-4 Cancer Risk) and 
concentrations of drinking water contaminants at which noncancer adverse 
health effects are not anticipated to occur over specific exposure durations

X

X

X

X

USEPA Region 4 utilizes multiple sources for ecological screening levels. 
These tables provide screening levels for surface water, sediment, and soil.

Establishes numeric standards for select constituents in point and non-point 
discharges to waters of the United States.  

Establishes numeric and narrative standards for select constituents in surface 
waters of South Carolina to maintain classified beneficial uses, including 
aquatic habitat quality, fisheries, and recreational uses.

USEPA Region 4 utilizes the most current USEPA Regions 3, 6, and 9 
Regional Screening Levels.  Regions 3, 6, and 9 have worked together to 
develop a consensus based approach to developing screening tables. These 
tables provide screening levels for soil, air, and soil to groundwater transport.

Establishes numeric and narrative standards for select constituents in ground 
waters, surface waters, and wetlands to maintain classified beneficial uses.

Establishes standards and procedures necessary to maintain reasonable 
standards of purity of the drinking water of the State consistent with the public 
health, safety, and welfare of its citizens.

X

Establishes numeric and narrative standards for select constituents in state 
ground waters, surface waters, and wetlands to maintain classified beneficial 
uses including groundwater mixing zones.

X

1 of 1
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Effectiveness Implementability Cost

Gradient-Enhanced 
Water/
DNAPL

Pumping
(Wells/Trenches)

Pumping of mobile DNAPL and groundwater 
from recovery wells or trenches with 
subsequent oil/water
separation for disposal.

Moderately Effective.
Recovers mobile fraction of DNAPL intersecting 
well, and total fluid extraction maintains gradient 
so that groundwater and free product flow into well 
faster than by natural advection.

Implementable Moderate

Technology is proven for the
recovery of DNAPL and volume reduction. 
Recovery of total fluid (DNAPL and 
groundwater) may provide additional 
control of dissolved-phase plume.  Existing 
system already in place.

About 12,000 gallons of DNAPL have been recovered 
from the OIA since 2003 using this technology.  
However DNAPL thickness at monitoring wells in both 
water bearing zones remains stable and dissolved 
phase concentrations of COIs within and down gradient 
of the OIA source area persist above MCLs.  Long time 
frame to meet remedial objectives.

Passive Non-
Automated DNAPL

Recovery
(Bailers/Pumps)

Removal of mobile DNAPL via automated or 
intermittent (passive) recovery from vertical or 
horizontal wells or trenches

Moderately Effective.
Recovers mobile fraction of DNAPL intersecting 
well, with continuous removal of mainly free 
product. Maintains gradient into well but relies on 
advection of DNAPL into well.

Implementable Low Technology is proven for the
recovery of DNAPL and volume reduction.  

Relies on DNAPL recovery wells intercepting DNAPL 
zones for effectiveness.  Limited radius of influence. 
Expect similar performance limitations as described for 
system currently in place. Long time frame to meet 
remedial objectives.

Excavation and 
Disposal

Excavation and Off-
Site Disposal

Excavation of source material and impacted 
soil for off-site disposal using conventional 
earthmoving equipment. Excavated areas are 
backfilled with clean soil. 

Effective.
Proven technology to remove source material.  
Ceases migration of DNAPL constituents to 
groundwater within excavation footprint.

Difficult High
Technology is proven for the
removal of DNAPL impacted soil. Landfill 
disposal reduces potential mobility.

Large footprint, very difficult to implement due to site 
conditions, depth of impact, and location adjacent to 
barge canal (sheet piling required). Excavation area 
would be limited due to site constraints with proximity to 
river, some DNAPL would be inaccessible. Significant 
water management would be required due to the high 
water table, the depth of excavation, and adjacent water 
bodies.

No

Containment Engineered 
Barriers

Engineered Cap 
and Perimeter 

Slurry Wall

Install impermeable cap to prevent surface 
water infiltration and surround  area with slurry 
wall keyed into confining layer at depth. 

Effective.
Isolates DNAPL and contaminated groundwater in-
situ. Prevents DNAPL and contaminated 
groundwater migration, cuts off source material to 
promote recovery of down gradient dissolved 
plume, and diverts future groundwater flow around 
DNAPL residual area.

Implementable Moderate

Technologies proven for groundwater and 
DNAPL containment.  Recovery systems 
could be continued to reduce DNAPL mass 
within containment and/or around perimeter 
to speed recovery of down gradient 
dissolved plume. Reduces time frame to 
meet remedial objectives.

Large footprint, may require treatment and disposal of 
soil excavated (trench for slurry wall), ongoing 
monitoring to confirm long-term containment and detect 
vapor intrusion after redevelopment. May affect adjacent 
properties by changing groundwater flow direction and 
residual plume migration patterns.  A similar technology 
(stabilization/solidification) accomplishes the same 
objective but with immediate immobilization of DNAPL.

No

In-Situ
Treatment

In-Situ
Thermal

Treatment

Electrical 
Resistance

Heating
(3- or 6-Phase)

Multiple electrode arrays and multiphase 
electricity are used to heat soil and 
groundwater via resistance heating. Heat 
reduces viscosity and/or volatilizes DNAPL. 
Can possibly boil groundwater to create steam 
that enhances DNAPL stripping. These 
mechanisms improve free product removal by 
soil-vapor extraction, mixed fluid extraction, 
and/or product recovery wells.

Limited Effectiveness..
Heating of coal tar creosote DNAPL can decrease 
viscosity to increase product mobility and 
recoverability.  Temperature increases may be 
sufficient to vaporize lighter DNAPL 
fractions/constituents to further improve removal 
of these more soluble components as a source to 
groundwater.  Not capable of achieving MCL in 
source areas.

Implementable High
Technology proven to mobilize DNAPL 
where sufficient temperatures can be 
attained. Potential reduction in volume.

Electrical conductivity of subsurface, depth of the water 
table to be heated, and the relatively high groundwater 
flow rate increase heat loss and may adversely affect 
performance (achievable temperature rise) for 
mobilization of coal tar creosote constituents with high 
boiling points. May need to be used in combination with 
steam injection for DNAPL residual recovery in vadose 
zone. Perimeter controls required given potential for 
uncontrolled DNAPL migration and to minimize 
groundwater influx (heat loss). Large treatment area and 
fine sand permeability may limit heating uniformity and 
recovery of DNAPL. Residual DNAPL will remain as 
potential source to groundwater flowing through large 
treatment area.

Yes

Physical
Removal

YesRecovery

Table 6-1
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Table 6-1

OIA Source Control (DNAPL) Technology Screening Summary

Focused Feasibility Study - Former Koppers Superfund Site - Charleston, SC

Advantages Limitations
Retain

 Remedial
Technology?

Evaluation CriteriaGeneral
Response

Action

Remedial
Technology

Process
Option

Technology
Description

Steam
Injection

Steam generated in an above-ground boiler is 
injected into the subsurface under pressure to 
mobilize and/or strip pore- trapped DNAPL 
Subsurface heating also improves mobility of 
free product. Collect off-gases and mobilized 
DNAPL via SVE system/recovery wells.

Limited Effectiveness.
Relies on permeability of formation for steam 
penetration, applicable mainly to residual in 
vadose zone. Fine sand and DNAPL saturation 
may limit steam contact and effectiveness of heat 
distribution to achieve uniform DNAPL 
mobilization and desirable vapor stripping effects.  
Not capable of achieving MCL in source areas.

Implementable High

Soil heating and "steam stripping" action 
can mobilize DNAPL and dissolved 
constituents for recovery. Potential 
reduction in volume.

The depth of contamination, high water table, and low 
permeability zones may require steam injection to be 
applied in combination with another in-situ heating 
mechanism to mobilize majority of DNAPL mass. 
Mobilization of constituents may also be limited due high 
coal tar creosote constituent boiling points and heat loss 
from groundwater influx. Perimeter dewatering may be 
necessary to limit heat loss from groundwater flow. Fine 
sand permeability may further limit steam injection 
radius of influence, mobility of heated DNAPL, and 
overall DNAPL recovery. DNAPL residual will remain as 
potential source to groundwater flowing through large 
treatment area.

Conductive
Heating
(ISTD)

Installation of conductive heating elements to 
raise groundwater temperature well
above boiling. Collect gases and mobilized 
DNAPL via SVE system/recovery wells.

Limited Effectiveness.
Heating of coal tar creosote DNAPL can decrease 
viscosity to increase product mobility and 
recoverability.  Temperature increases may be 
sufficient to vaporize lighter DNAPL 
fractions/constituents to further improve removal 
of these more soluble components as a source to 
groundwater.

Implementable High
Technology proven to mobilize DNAPL 
where sufficient temperatures can be 
attained. Potential reduction in volume.

Thermal conductivity, depth of the water table to be 
heated, and the relatively high groundwater flow rate 
increase heat loss and may potentially adversely affect 
performance (achievable temperature rise). Perimeter 
controls required given potential for uncontrolled 
DNAPL migration and to reduce groundwater influx 
(heat loss), as high temperatures (above 100°C) will 
increase mobilization and recovery of coal tar creosote 
constituents. Large treatment area and fine sand 
permeability may limit heating uniformity and recovery of 
DNAPL residual. Residual will remain as potential 
source to groundwater flowing through large treatment 
area.

Radio-
Frequency

Heating

Employ antennae to supply EM energy in the 
RF band to heat nonconductive materials and 
mobilize DNAPL. Collect gases and mobilized 
DNAPL via SVE system/recovery wells.

Limited Effectiveness.
Heating of coal tar creosote DNAPL can decrease 
viscosity to increase product mobility and 
recoverability.  Temperature increases may be 
sufficient to vaporize of lighter DNAPL 
fractions/constituents to further improve removal 
of these more soluble components as a source to 
groundwater.

Implementable High

Applicable in dense stratified
formations. Technology proven to mobilize 
DNAPL where sufficient temperatures can 
be attained.  Potential reduction in volume.

No demonstrated success for creosote sites. Perimeter 
controls required given potential for uncontrolled 
DNAPL migration. Depth of the water table to be 
heated, and the relatively high groundwater flow rate 
increase heat capacity and may potentially adversely 
affect performance (achievable temperature rise).  
Large treatment area and fine sand permeability may  
limit heating uniformity and recovery of DNAPL residual, 
and residual will remain as potential source to 
groundwater flowing through large treatment area.

In-Situ
Vitrification

(ISV)
ISV

Use of graphite electrodes and high voltage to 
vitrify soil via temperatures ranging to 
approximately 1,600°C.  Melts/fuses the soil 
media into solidified mass. Macroencapsulates 
metals and destroys organics.

Effective.
Destroys, vaporizes, or microencapsulates 
DNAPL constituents throughout zone of 
treatment.

Implementable High

DNAPL mass removed and/or 
encapsulated immediately upon treatment.  
No/minimal residual leaching potential from 
treated area allowing natural attenuation of 
perimeter plume. Reduces toxicity, mobility, 
and volume.

Extreme temperatures required to melt soil. Potential 
effects on adjacent properties as a result of water table 
elevation and groundwater flow direction. Perimeter 
control for soil subsidence may be required for stability 
of foundations adjacent to treatment area. Off-gas 
collection and treatment system required for vapors and 
incomplete combustion by-products.

No

In‐Situ 
Chemical/Physical 

Treatment

Solvent
Injection

Injection of co-solvents (e.g., alcohols) to 
increase constituent solubility and mobilize 
residual DNAPL for subsequent removal using 
recovery wells.

Ineffective.
Relies on permeability of formation for distribution 
and intimate contact with DNAPL. Coal tar 
creosote constituents minimally soluble in alcohols 
or other solvents that would be approved for 
injection.

Implementable Moderate May reduce volume under ideal conditions.

Not developed for saturated DNAPL. Not implementable 
for low permeable areas. Long operating times are likely 
for recalcitrant product. Perimeter control required for 
injected fluids and resulting changes in groundwater 
plume flow dynamics.

No

In-Situ
Treatment

In-Situ Thermal 
Treatment Yes
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OIA Source Control (DNAPL) Technology Screening Summary

Focused Feasibility Study - Former Koppers Superfund Site - Charleston, SC
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Retain

 Remedial
Technology?

Evaluation CriteriaGeneral
Response

Action

Remedial
Technology

Process
Option

Technology
Description

Chemical
Oxidation

Injection of oxidants such as persulfate, 
permanganate, or Fenton's Reagent (hydrogen 
peroxide) to completely oxidize organics to 
water and carbon dioxide.

Limited Effectiveness.
Chemical oxidation typically not applied to 
address large amounts of free product. Heat of 
reaction and off gas formation can cause heaving. 
Reaction by-products at DNAPL surface can 
hinder contact, and aqueously-delivered oxidants 
may not penetrate DNAPL pools or DNAPL-
saturated soil.

Implementable Moderate
Results in the complete destruction of 
organic constituents resulting in reduction 
in toxicity, mobility, and volume.

Soil reaction and free product are the primary drivers for 
oxidant demand. Targeted delivery is difficult and 
delivery is unachievable for sites where oxidant cannot 
be distributed as a result of low permeability. Oxidizing 
agents pose potential safety and human health hazards. 
Potential for off-gas generation (incomplete reaction), 
and need for perimeter control for injected fluids and 
changes in groundwater plume flow dynamics.

Chemical
Reduction

Introduction of reducing agents such as 
molasses, lactate, or vegetable oils for 
reductive dechlorination (or addition or 
inorganic species to reduce valence states of 
metals (e.g., Cr6+)

Ineffective.
Chemical reduction not applicable to long-chain 
unchlorinated organic materials such as those in 
coal tar creosote DNAPL.

Implementable Moderate
Can result in reduction of volume and 
toxicity of chemicals subject to reductive 
biochemical reaction.

No known applications for creosote. Primarily applicable 
for metals or chlorinated solvents.  Targeted delivery is 
difficult and delivery is unachievable for low permeability 
sites where agent cannot be distributed.

Polymer
Injection

Similar to surfactant flushing or flooding. 
Polymer(s) are used to decrease interfacial
tension and hence to mobilize residual DNAPL.

Limited Effectiveness.
Relies on permeability of formation for distribution 
and intimate contact with DNAPL and ability of 
polymer to mobilize site constituents.

Implementable Moderate May reduce volume under ideal conditions.
Not developed for saturated DNAPL. Not implementable 
for low permeable areas. Long operating times are likely 
for recalcitrant product. Perimeter control required.

Biogeochemical 
Stabilization

Addition of modified oxidants to cause surficial 
weathering of DNAPL such that mobile 
components are destroyed and residual 
components are immobilized.

Limited Effectiveness.
Relies on good distribution and contact with 
DNAPL surfaces. May be difficult to treat large 
free product plume areas and vertically-distributed 
residual in low permeability soil.

Implementable Moderate
Can result in some reduction of toxicity, 
volume, and mobility of the small fraction of 
the DNAPL mass oxidized.

Detailed information on target zones is required. 
Delivery is unachievable for low permeability sites where
modified oxidants cannot reach entire groundwater 
interface with DNAPL/residual. A portion of DNAPL 
mass remains untreated and future migration of residual 
material could expose untreated surfaces to 
groundwater.  Repeated treatments could be necessary.

Water Flooding
(with or without

Surfactants)

Injection of water (with or w/out surfactants) to 
increase recovery of non-aqueous phase 
liquids as a result of increased solubility and/or 
hydrodynamic forces.

Ineffective.
Relies on permeability of formation for distribution 
and intimate contact with DNAPL. Coal tar 
creosote constituents not miscible with water nor 
likely to be mobilized by aqueous flushing.

Implementable Moderate May reduce volume under ideal conditions.

Not developed for saturated DNAPL. Not implementable 
for low permeable areas. Long operating times are likely 
for recalcitrant product. Perimeter control required for 
injected fluids and resulting changes in groundwater 
plume flow dynamics.

No

In-Situ Physical 
Treatment

Stabilization/
Solidification

Injection and mixing of solidification and/or 
stabilization (binding) agents to reduce the 
permeability of the formation, physically 
macroencapsulate DNAPL, and bind with 
constituents to minimize dissolution.

Effective.
Proven technology elsewhere at site.  Often a 
presumptive remedy for sites with coal tar 
creosote NAPL.  Vertical mixing of 
cement/bentonite grout into soil creates monolith 
and encapsulates DNAPL and residual 
groundwater in the treatment area.

Implementable Moderate

Isolates DNAPL/residual within mixing zone 
immediately upon treatment. Significantly 
reduces mobility by solidifying/capsulating 
constituents, minimizing the groundwater 
permeability of the treated mass, and 
reducing the area of DNAPL in contact with 
groundwater.

Affects groundwater flow patterns around treated zone. 
Increased volume from swelling and bulking due to 
added agents and mixing.  Leaching of entrained 
constituents to groundwater may occur at perimeter of 
treated zone. 

Yes

Air-Sparging
and

Vapor Extraction

Injection of air into aquifer to promote 
outgassing (and possibly biodegradation) and 
recovery of volatiles from unsaturated zone via 
vacuum extraction.

Ineffective.
Not applicable to low-volatility DNAPL in low-
permeability soil below thick groundwater layer.

Implementable High
Can result in reduction of volume where 
stripping removes constituents, and toxicity 
where biodegradation is induced.

Not suitable to address DNAPL. Primarily applicable for 
VOCs and a few SVOCs. Only directly addresses 
dissolved constituents.  Longer time frame to meet 
remedial objectives.

Electron
Acceptor
Addition

Inject oxygen, sulfate, nitrate, or other electron 
acceptors to enhance biodegradation via 
aerobic respiration or anaerobic degradation.

Ineffective.
Technology relies on permeability of formation for 
distribution of nutrients, the presence of naturally-
occurring microorganisms capable of degrading 
site constituents, and the bioavailability of those 
constituents.  Not typically applied to free phase 
product, and not amenable to coal tar creosote 
DNAPL remediation.

Implementable Moderate Results in reduction in toxicity, mobility, and 
volume where biodegradation occurs.

DNAPL not directly addressed. Targets dissolved-phase 
constituents. Delivery is unachievable for site where 
acceptors cannot be added as a result of low 
permeability. Long time frame to meet remedial 
objectives via multiple injections.

In-Situ 
Chemical/Physical 

Treatment

In-Situ 
Treatment

In-Situ
Biological
Treatment

No

No
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Table 6-1

OIA Source Control (DNAPL) Technology Screening Summary

Focused Feasibility Study - Former Koppers Superfund Site - Charleston, SC

Advantages Limitations
Retain

 Remedial
Technology?

Evaluation CriteriaGeneral
Response

Action

Remedial
Technology

Process
Option

Technology
Description

Electron
Donor

Addition

Introduction of reducing agents such as 
molasses, lactate, or vegetable oils to for 
reductive dechlorination (Also see Chemical 
Reduction, as above)

Ineffective.
Technology relies on permeability of formation for 
distribution of nutrients, the presence of naturally-
occurring microorganisms capable of degrading 
site constituents, and the bioavailability of those 
constituents.  Not typically applied to free phase 
product, and not amenable to coal tar creosote 
DNAPL remediation.

Implementable Moderate Results in reduction in toxicity, mobility, and 
volume where biodegradation occurs.

DNAPL not directly addressed. Targets dissolved-phase 
constituents. Delivery is unachievable for site where 
acceptors cannot be added as a result of low 
permeability. Long time frame to meet remedial 
objectives via multiple injections.

Enhanced
Bioremediation

(Nutrients)

Inject nutrients such as nitrogen and/or 
phosphorus to enhance growth and activity of 
naturally-occurring microorganisms. 

Ineffective.
Technology relies on permeability of formation for 
distribution of nutrients, the presence of naturally-
occurring microorganisms capable of degrading 
site constituents, and the bioavailability of those 
constituents.  Not typically applied to free phase 
product, and not amenable to coal tar creosote 
DNAPL remediation.

Implementable Moderate Results in reduction in toxicity, mobility, and 
volume where biodegradation occurs.

DNAPL not directly addressed. Targets dissolved-phase 
constituents. Nutrient delivery is unachievable for sites 
with low permeability. Long time frame to meet 
remediation objectives via multiple injections.

Bioslurping
Combination of bioventing and vacuum 
recovery of floating free product in vadose zone 
soils and in the capillary fringe.

Ineffective.
Not effective for main DNAPL free product. May 
provide recovery/treatment of some shallower 
residual or dissolved-phase constituents.

Implementable Moderate Potential reduction of mobility and volume.

Degradation of organic compounds can occur. Not 
effective for DNAPL recovery. Not effective in low 
permeability soil. Primarily appropriate for LNAPL and 
vapor phase impacts.

Bioventing
Induce minimal air flow in the vadose zone to 
provide electron acceptor (oxygen) and thereby 
promote aerobic biodegradation.

Ineffective.
Not applicable for DNAPL free product.  May 
provide minimal treatment for some dissolved-
phase constituents.

Implementable Moderate Potential reduction of mobility and volume.

Not effective for DNAPL recovery.  Degradation of 
organic compounds can occur. Not effective in low 
permeability soil. Primarily appropriate for LNAPL and 
vapor phase impacts.

Phytoremediation Phytoremediation

Use of plants for uptake of dissolved 
constituents. Control of infiltration to limit 
leaching or hydrodynamic flow associated with 
high water table elevations.

Ineffective.
Not applicable for DNAPL free product treatment 
or deep plume, migration control, especially where 
groundwater flow and plume migration is not 
surface-recharge driven.

Implementable Low Technology is not energy intensive.

Ineffective for DNAPL recovery/treatment. 
Phytoremediation is generally used for metals recovery 
rather than for organics. When used for infiltration 
control, typically requires planting of multiple species.

No

Monitored
Natural

Attenuation

Monitored
Natural

Attenuation

Reliance on existing site physical and naturally-
occurring biological phenomena to 
degrade/attenuate constituents.

Ineffective.
Not effective for DNAPL free product plumes. May 
provide for recovery of dissolved-phase plume 
after removal of source material.

Implementable Low

Effectiveness demonstrated at sites where 
capacity of natural physical and biological 
processes can attenuate dilute aqueous 
plume constituents.

Technology is not energy intensive. Only directly 
addresses dissolved phase constituents. Long time 
frame to achieve remediation of non-aqueous phase 
liquids. Long-term groundwater monitoring and 
contingency planning is necessary.

Yes

Notes:
- Effectiveness of a given technology as defined in the RI/FS guidance document related solely to the applicability of the technology, not the performance
- Implementability assessment is based on current site configuration and land use.
- Cost assessment is relative in nature. 

In-Situ 
Treatment

In-Situ Biological 
Treatment No
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Name X Y Layer Observed
(ft AMSL)

Computed
(ft AMSL) Residual (ft)

MW-110R 2318582 361325 1 1.3 1.6 -0.3
MW-111R 2318521 361187 1 1.0 1.5 -0.6

PZ-202 2318562 361158 1 3.6 2.1 1.5
MW-07-1S 2319377 360760 1 4.7 5.0 -0.3
MW-07-2S 2319340 360814 1 5.4 4.9 0.5
MW-07-3S 2319470 360845 1 5.1 5.8 -0.7
MW-07-4S 2319539 360784 1 6.3 5.9 0.4
MW-07-5S 2319416 360894 1 5.7 5.6 0.1
MW-07-6S 2319650 360801 1 4.4 6.5 -2.1
MW-102A 2319417 360721 1 5.7 5.1 0.6
MW-103A 2319314 360743 1 4.0 4.6 -0.6
MW-201S 2319547 360960 1 6.3 6.4 -0.2

PZ-201 2319645 360575 1 4.1 5.7 -1.5
MW-05I 2319395 360822 3 5.3 5.3 0.0

MW-07-1I 2319382 360764 3 5.4 5.1 0.3
MW-07-2I 2319335 360812 3 5.7 5.0 0.7
MW-07-3I 2319473 360840 3 5.9 5.8 0.1
MW-07-4I 2319534 360781 3 6.1 6.0 0.1
MW-07-5I 2319422 360897 3 5.7 5.8 -0.1
MW-07-6I 2319652 360808 3 6.6 6.7 -0.2
MW-102B 2319415 360728 3 5.5 5.1 0.3
MW-103B 2319296 360741 3 5.1 4.6 0.5
MW-109 2319539 360825 3 6.8 6.1 0.6
MW‐201I 2319553 360950 3 6.8 6.9 -0.1

Notes:
XY Coordinates in NAD 1983 State Plane South Carolina FIPS 3900 Feet
ft - feet
ft AMSL - feet above mean sea level

Table 7-1
Calibration Targets and Residuals
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Metric Value

Residual Mean (ft) -0.04

Absolute Residual Mean (ft) 0.51

Residual Std. Deviation (ft) 0.72

Sum of Squares (ft2) 13

Root Mean Square Error (RMSE) 0.72

Min. Residual (ft) -2.1

Max. Residual (ft) 1.5

Number of Observations 24

Range in Observations (ft) 5.8

Scaled Residual Std. Deviation 0.12

Scaled Absolute Residual Mean 0.088

Scaled RMSE 0.12

Scaled Residual Mean -0.0076

Notes:
ft - feet

Table 7-2
Calibration Summary Statistics
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Constituent Parameter Northwest Corner 
(NWC)

Old Impoundment Area 
(OIA)

Initial Dissolved Phase 
Concentration (ug/L) 10 20 - 5,000

Initial DNAPL Phase 
Concentration (ug/L)

DNAPL Porosity (%) 0.6 6

DNAPL Mass Transfer 
Coefficient (Day-1)

5E-10 - 5E-09 2.5E-09 - 2.5E-05

Initial Dissolved Phase 
Concentration (ug/L) 20 - 2,000 150 - 15,500

Initial DNAPL Phase 
Concentration (ug/L)

DNAPL Porosity (%) 0.6 6

DNAPL Mass Transfer 
Coefficient (Day-1)

5E-10 - 5E-09 5E-11 - 5E-08

Initial Dissolved Phase 
Concentration (ug/L)

Initial DNAPL Phase 
Concentration (ug/L)

DNAPL Porosity (%) 0.6 6

DNAPL Mass Transfer 
Coefficient (Day-1)

5E-10 - 5E-09 5.0E-08

Notes:
ug/L - micrograms per liter
DNAPL - Dense Non-Aqueous Phase Liquid
Derivation of DNAPL porosity and DNAPL phase concentrations described in Section 7.4.1.1.
Initial dissolved phase concentrations and DNAPL mass transfer coefficients determined as
part of the model calibration process.  See Table 4-1 for summary of historic analytical data.

Table 7-3
Source Zone and Initial Concentration Parameters

Benzene

Naphthalene

Benzo(a)pyrene

117,000,000

213,000

532,000

4
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Constituent Distribution Coefficient 
(Kd) (L/kg)

Retardation 
Coefficient (R)

Dissolved Phase 
Degradation Rate (Day-1)

Dissolved Phase Half-
Life (Days)

Benzene 1.65 - 6.6 16 - 60 0.0012 - 0.012 58 - 580

Naphthalene 12.3 - 124 112 - 1,120 0.003 - 0.005 139 - 231

Benzo(a)pyrene 11,667 - 58,337 105,000 - 525,000 0.0003 - 0.005 139 - 2,310

Notes:

Retardation coeffiicent calculated assuming a bulk density of 1.8 kg/L and porosity of 20%.

Table 7-4
Fate and Transport Parameters

Kd values and degradation rates were determined through the calibration processes, and are further evaluated through sensitivity 
analysis as described in Section 7.4.1.2.
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Description
Overall Protection of 

Human Health and the 
Environment

Compliance with ARARs Reduction in Mobility, 
Toxicity or Volume Short-term Effectiveness Long-term Effectiveness Implementability Cost State and Community 

Acceptance

1

Continue 
Product 

Recovery 
System, ICs 

and ECs

Maintain the current four 
extraction wells and groundwater 
monitoring system.  ICs and ECs 

limit exposure to human 
receptors.

Reduces mass and volume of 
NAPL - technically impracticable to 
meet clean-up goals for restoration 

of groundwater below MCLs. 
Protective of human health and 
environment. Removes source, 

controls migration to prevent 
exposure to human health.  

Complies with applicable 
Federal, State, and local 

environmental and public health 
standards, regulations, guidance, 
advisories, and ordinances with 

waiver of MCL ARAR for 
benzene and benzo(a)pyrene.

Reduces mass and volume of 
NAPL.  Not as effective in 
reducing mobility as other 

alternative.

Limited short term impact.  

Effective once clean-up goals are 
met. Time frame to meet
performance standards 

anticipated to be longer than 
other alternative. Technically 

impracticable to meet remedial 
objectives within a reasonable 

timeframe.

Implementable, straightforward, 
reliable technology, system 

already in place.

Total: $1,236,900
Total Present Value: $729,900

Acceptable to both State and 
Community

2

In-situ 
Stabilization/ 

Solidification of 
Mobile DNAPL,  

ICs and ECs

Solidify/stabilize mobile NAPL 
through the addition of physical 

stabilizing/solidification agents to 
immobilize contaminants within 
the soil matrix; suspend NAPL 

extraction and groundwater 
recovery; and continue 

groundwater monitoring.  ICs and 
ECs limit exposure to human 

receptors.

Immobilizes NAPL thus mitigating 
exposure and continued leaching - 
technically impracticable to meet 
clean-up goals for restoration of 

groundwater below MCLs.  
Protective of human health and 

environment.  Isolates and prevents 
source exposure to human health. 

Complies with applicable 
Federal, State, and local 

environmental and public health 
standards, regulations, guidance, 
advisories, and ordinances with 

waiver of MCL ARAR for 
benzene and benzo(a)pyrene.

Immobilizes NAPL thus 
preventing mobility.  Mass and 

volume are bound into a 
soil/cement matrix preventing 

exposure and reducing 
leachability.

Effective short term.  
Immediately effective in blocking 

exposure pathway.

Effectively immobilizes NAPL 
thereby preventing migration and 
removing an ongoing source of 

groundwater contamination.

Demonstrated to be 
implementable in NW Corner 

area of site.  Proven technology 
implemented at many creosote 

NAPL sites.

Total: $5,220,800
Total Present Value: $5,109,000

Acceptable to both State and 
community.  Risks to 

construction workers/public 
during solidification and 
stabilization process are 

manageable through best 
management practices.

3

In-situ Thermal 
Treatment using 

Steam-
Enhanced 

Extraction and 
Electrical 

Resistance 
Heating, ICs 

and ECs

Thermally treat mobile NAPL in 
the target treatment zone using 
two remedial technologies. Due 
to high boiling point of PAHs, 
treatment primarily relies on 
DNAPL extraction, steam 

stripping  to enhance 
volatilization and enhanced 

aqueous solubility.  Suspend 
NAPL extraction and 

groundwater recovery and 
continue groundwater monitoring. 

ICs and ECs limit exposure to 
human receptors.

Reduces mass and volume of 
NAPL - technically impracticable to 
meet clean-up goals for restoration 

of groundwater below MCLs. 
Protective of human health and 
environment. Removes source, 

minimizes continued leaching, and 
results in significant reduction of 

COCs.  ICs and ECs mitigate 
exposure.  

Complies with applicable 
Federal, State, and local 

environmental and public health 
standards, regulations, guidance, 
advisories, and ordinances with 

waiver of MCL ARAR for 
benzene and benzo(a)pyrene.

Reduces mass and volume of 
NAPL.  Reduces mobility via an 

overall reduction of NAPL source 
material.

Effective short term.  Effective in 
reducing the exposure pathway, 

reducing NAPL source and 
reducing contaminant sourcing to 

groundwater.

Effectively reduces NAPL 
quantities thereby minimizing 
migration and removing an 

ongoing source of groundwater 
contamination.

Very difficult to implement due to 
Site conditions including 

heterogeneity of subsurface 
soils, depth to groundwater (5 ft-
bgs), volume of groundwater to 
be treated, groundwater fluxing 

across treatment zone, high 
boiling point of PAHs, and 

proximity to the Barge Canal and 
Ashley River.

Total: $10,063,000
Total Present Value: $9,951,000

Acceptable to both State and 
community.  Risks to 

construction workers/public 
during thermal treatment process 

are manageable through best 
management practices and use 

of experienced contractors.

Notes: Prepared by/Date: SEG 2/16/15
ARAR = Applicable or Relevant and Appropriate Requirement Checked by/Date: PRP 2/17/15
COCs = Constituents of Concern Revised by/Date: LSM 9/14/15
ICs/ECs = Institutional Controls/Engineering Controls Revised by/Date: PRP 3/28/16
OM&M = Operation Maintenance and Monitoring

Alternative

DNAPL/Groundwater in Old Impoundment Area (OIA)

Table 8-1
Comparative Analysis of Remedial Alternatives

1 of 1
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Old Impoundment Area Geologic Cross Section
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Source: 1995 Remedial Investigation Report, ENSR Consulting and Engineering

1-
w 

G 

10 

0 

~ -20 
z 
z 
0 
F 

~ - 30-
....! 
IW 

- 40 

- 50 

----------------- - - --

. , - -• ··- · · -

BARGE CAN& 
(O£Pll1 INF~tRED) 

--- ---~---------------------------
'(lR•Y FINE s.-,No 

WITH SILT &: SHELLS 

-----~:-:-:--:7~~~----------------------------------
-- :-:~. "'.'"' .-:-:-:-:-.--:- -- -- 7 . . .. ." .. ,- _-_- ,- .-.. , ',' .".' ,' : : : : .·, ·_- ,·,. 'GR'A'{.CLA¥ 

I I • • ' ,. - • - • ' • • •• ' I I I I - • ' •• r •• r ' • • - - •. ' • ' ' • • r • • • 

•, t , • • • • • I a o o Io r , • • • • • o • 0 • o • • • • , • • • o , , o • o • • •• • •I I 

• • •,, • , , ._._ I O O I' e" ' • o ' ' ' o ' ' ' O •""' '" o ' ' ' ,o • • • • •' 

• • o , , ~ I , O O I o o O 1 • • • I O O • • 0 0 • " • o • • ' ' 0 ' I I 

O • ,. • o , o o ,, •, , o O , I I O O I••• • • • • • o • • 0 I r" • •"' "'•'' 

o o , , 0 • , •• I I I O I . 0 I • ••• , 0 0 0 I O t ' r • ' • • • L • 0 0 0' '• • ' 

, • I i I O I t O • 1 • • • • • • • I o O I 1 r • ' " • ' " L ~ 0 • I O O ' ' • 

• I I O o 1 , I I 1 • • ' • I ' • o r ' " ' ' " " ' ' • ' ~ 0 I I " 

0 

tw 

-20~ 
z 
z 
0 
F ·< 

-30 Gj 

-40 

- 50 

~ w 

10 Wlf.Wl 

] WELL BORING ANO SCREEN LOCATION -
{ NM'L SAl\JR,\TElD SOILS 

'<l WA\'ER TABLE FOR SHM.l..OW/ 
1NTERMEDIA1E. W,.,lER BEAAING 
UNIT AS !.11:,t,StJREO '!J/9/&-'4 

t:,:-:-:-:-] LOW PERMEABlllTY ZONES 

VE:RTICAL 
EXAGGE:RA TION 

5: 1 
I 

I ~ a o 50 ~ CflOSS-SECTION CH,' . STRltl-OERS Of' N~L I~ SOl.S SCALE IN FEET 
s1- lOCATIOti PLAli J E 8 0845 031 ~L __ __jS~C~AL:§E~; _!1:'.,;" .. :,11].~0Q!O!' _ __ _l ___ ~:,_ __________________________________ ____ _.__~1 .li;· -.:, ;:,;,·--,-.\---~;;:;.;.,- .a........,;;;;.;;;.:;;;;..- ,;,;.;.,_ .. 



3

4 5
6

7

0 500 feet

8 9
10

11

Water table contour, in feet NGVD

Groundwater flow direction

4

MW-04S
3.16

Monitoring well with water
table elevation, in feet NGVD

Modified from Figure 3-10, Remedial Investigation Report
Former Koppers Site, Charleston SC, ENSR, 1995

N

MW-15I
6.13

MW-01S
2.58

MW-01S
4.31

MW-04S
3.16

MW-03S
2.92

MW-13S
2.87

MW-14I
5.31

MW-05I
4.49

MW-06I
8.71

MW-07I
7.52

MW-08I
11.89

DP-04
10.57

MW-16S
11.67

LEGEND

Prepared By-Date:

Project Number:
6123130255

Figure:
2-2

TI Waiver Demonstration, Former Koppers Site,
Charleston, SC

Checked By-Date:
SEG 9/14/2015

NK 9/14/2015

Water Table Map, Shallow and Intermediate Wells
August 13, 1993, Non-pumping Conditions

0 

• 



!

!

!

!

!

!

!

!

>

>

>

>

>

>

>

>

!
!

!

!

!
!

!

!!

!
!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!
!

!

!

!

!!

!

!

!

!

!

!

!

!

!

>
>

>

>

>
>

>

>>

>
>

>

>

>>

>

>

>

>

>

>

>

>

>

>

>

>
>

>

>

>

>
>

>

>

>

>>

>

>

>

>

>

>

>

>

>

!

!

!

!

!

!

!

!
!

!

!

!

!
!
!

!

!

!

!!!!

!

!

!
!

!!

!!!

!
!

!

!
!

!

!

!

!

!

!
!

!!

!

!

!!

!

!

!

!

!
!

!

!

!

!
!

!

!

!

!

!

!

>

>

>

>

>

>

>

>
>

>

>

>

>
>
>

>

>

>

>>>>

>

>

>
>

>>

>>>

>
>

>

>
>

>

>

>

>

>

>
>

>>

>

>

>>

>

>

>

>

>
>

>

>

>

>
>

>

>

>

>

>

>

!

!

!!
! !!

!
!

! ! !

!

!

!

!

!

!

C

C

CC
C CC

C
C

C C C

C

C

C

C

C

C

!

!

!
!

!

C

C

C
C

C

Milford Street

Braswell Street

South Marsh

Barge Canal

Old Impoundment 
Area

Former Treatment 
Area

Northwest
Corner

MW-20D
11.76 ft/d

MW-04D
1.81 ft/d

MW-15I
0.67 ft/d

MW-01D
5.53 ft/d

MW-21I
0.01 ft/d

MW-19I
3.1 ft/d

MW-19D
3.97 ft/d

MW-14I
0.79 ft/d

MW-13S
24.94 ft/d

MW-08I
0.08 ft/d

MW-08D
0.69 ft/d

MW-07I
0.6 ft/d

MW-06I
0.06 ft/d

MW-04S
4.53 ft/d

MW-03S
2.59 ft/d

MW-05I
0.4 ft/d

MW-02S
10.2 ft/d

MW-22I
2.17 ft/d

MW-20I
1.13 ft/d

MW-18I
0.94 ft/d

MW-17I
2.58 ft/d

MW-16I
0.33 ft/d

MW-16D
6.52 ft/d

MW-01S
0.45 ft/d

MW-15D
1.8 ft/d

MW-09I

MW-109
1.89 ft/d

MW-110
3.82 ft/d
MW-111

32.69 ft/d

MW-108
1.25 ft/d

MW-106
2.62 ft/d

MW-105
1.7 ft/d

MW-104
4.46 ft/d

MW-103B
0.89 ft/d

MW-103A
0.9 ft/d

MW-101B
0.72 ft/d

MW-101A
3.61 ft/d

MW-100A
4.23 ft/d

MW-100B
1.18 ft/d

MW-102A
8.12 ft/d

MW-102B
0.31 ft/d

MW-107
1.84 ft/d

0 350 700
Feet

Legend
!C Extraction Well SWBZ

!C Extraction Well IWBZ

!> Monitoring Well SWBZ

!> Monitoring Well IWBZ

!> Monitoring Well DWBZ

Rehabilitated Ditch

Areas to Remain on NPL

Approximate Site Boundary

Stabilization/Solidification Area

Estimated Horizontal Extent of Intermediate NAPL

Estimated Horizontal Extent of Shallow NAPL

¯

Parker
Marine

D
oc

um
en

t P
at

h:
 G

:\K
op

pe
rs

\m
xd

s\
TI

 re
v2

\F
ig

ur
e 

2-
3 

H
yd

ra
ul

ic
 N

et
w

or
k.

m
xd

Prepared By-Date:
HVP 9/11/2015

Project Number:
6123130255

Well Network Used to
Develop Hydraulic Conductivity

Figure:

TI Waiver Demonstration, Former Koppers Site,
Charleston, SC
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Note:
-Well symbols shown represent historic and active well network
-Wells from Table 3-6 of RI Report and Table 3-3 of the
  NAPL/Groundwater Pre-Design Activities Report are
  labeled to identify wells for slug test analysis and
  subsequent hydraulic conductivity (ft/day) development. 5 er wheeler • amec fO t 
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Overview of NAPL Remedial Action Systems

Figure:

TI Waiver Demonstration, Former Koppers Site,
Charleston, SC
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Note:
Groundwater plume depiction is general representation
of combined benzene and naphthalene plumes from
Koppers 2014 Annual Report.
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Northwest Corner Stabilization/ Solidification 
As-Built Plan View

Figure:
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Northwest Corner Stabilization/ Solidification 
As-Built Cross Section

Figure:
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RAWP Proposed Remedial Actions
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Figure:

TI Waiver Demonstration, Former Koppers Site,
Charleston, SC

Checked By-Date:
PRP 9/15/2015 3-4

Note:
Groundwater plume depiction is
general representation of combined
benzene and naphthalene plumes from
Koppers 2014 Annual Report.
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DNAPL Source Area in the
Old Impoundment Area - Intermediate
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Potentiometric Surface Map for SWBZ - July 2005

Figure:

TI Waiver Demonstration, Former Koppers Site,
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Figure:
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Figure:
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Source: 2014 Annual Operations and Monitoring Report, 
                        Field and Technical Services, LLC.
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Figure:
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Source: 2014 Annual Operations and Monitoring Report, 
                        Field and Technical Services, LLC.
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Model Domain and Boundary Conditions

Prepared By-Date
NK 9/14/2015

Checked By-Date
AM 9/14/2015

Project Number:
6123130255

NGeneral Head Boundary (GHB)

R
iv

er
B

ou
nd

ar
y

(A
sh

le
y

R
iv

er
)

Drain Boundary
(Tidal Marsh)

Drain Boundary
(Tidal Marsh)

Drain Boundary (Barge Canal)

Model Grid Detail, OIA

OIA

NW
Corner

Extraction Well, Layer 1

Extraction Well, Layer 3

0 100 ft

EW-16S

EW-15SEW-17S

EW-05I

• 
D 



Scale

10 ft

100 ft

TI Waiver Demonstration, Former Koppers Site,
Charleston, SC

Figure:
7-2

Model Cross Sections
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Calibrated Potentiometric Surface
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Figure:
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Observed vs. Simulated Hydraulic Head Target Values
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Figure:
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DNAPL Source Zones
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Figure:
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Predicted Dissolved Concentrations of COCs
after 100 years, NW Corner
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Figure:
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Predicted Concentrations of COCs,
Alternative, 1, NW Corner
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Predicted Dissolved Concentrations Benzene Maps
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Figure:
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Predicted Dissolved Concentrations Benzene Maps
Alternative 1, OIA, IWBZ
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Figure:
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Predicted Dissolved Concentrations Benzene Maps
Alternative 1, OIA, Gray Clay
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Figure:
7-9

Predicted Benzene Concentrations,
Alternative 1, OIA

Prepared By-Date
NK 9/14/2015

Checked By-Date
AM 9/14/2015

Project Number:
6123130255

Time (years)
10 20 30 40 50 60 70 80 90 100

C
on

ce
nt

ra
tio

n
(u

g/
L)

MW-102A

MW-201S

MW-05I

MW-102B

MCL, 5 ug/L

Approximate range of
observed concentrations,

2004-2014, in ug/L
Well

MW-102A <1 - 109

MW-201S <1 - 1,020

MW-05I 2.4 - 401

MW-102B 17 - 42

, .... .... .... ........ -.... ........ -- ........ -- ---- --------- ---- -----
----- ----- ------------



TI Waiver Demonstration, Former Koppers Site,
Charleston, SC

Figure:
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Predicted Dissolved Concentrations Naphthalene Maps
Alternative 1, OIA, SWBZ
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Figure:
7-10b

Predicted Dissolved Concentrations Naphthalene Maps
Alternative 1, OIA, IWBZ
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Figure:
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Predicted Dissolved Concentrations Naphthalene Maps
Alternative 1, OIA, Gray Clay
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Alternative 1, OIA
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Figure:
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Predicted Dissolved Concentrations Benzo(a)pyrene
Maps, Alternative 1, OIA, SWBZ
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Figure:
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Predicted Dissolved Concentrations Benzo(a)pyrene
Maps, Alternative 1, OIA, IWBZ
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Figure:
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Predicted Dissolved Concentrations Benzo(a)pyrene
Maps, Alternative 1, OIA, Gray Clay
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Figure:
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Predicted Benzo(a)pyrene Concentrations,
Alternative 1, OIA
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Figure:
7-14

Modeled Potentiometric Surface in OIA,
Alternative 1 vs. Alternative 2

Prepared By-Date
NK 9/14/2015

Checked By-Date
AM 9/14/2015

Project Number:
6123130255

Potentiometric Surface
Contour Line, Ft AMSL

General Direction of
Groundwater Flow

3

LEGEND

7

6

5

4

3

Shallow Water Bearing Zone (SWBZ, Layer 1)
Predicted Flow Conditions for Alternative 2 (ISS)

N

0 200 ft

3

6

5

4

3

7

Shallow Water Bearing Zone (SWBZ, Layer 1)
Simulated Current Flow Conditions

N

0 200 ft

• 

amec foster wheeler 



5-20
20-50

50-100

100-1000

>1000

TI Waiver Demonstration, Former Koppers Site,
Charleston, SC

Figure:
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Predicted Dissolved Concentrations Benzene Maps
Alternative 2, OIA, SWBZ
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Figure:
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Predicted Dissolved Concentrations Benzene Maps
Alternative 2, OIA, IWBZ
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Figure:
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Predicted Dissolved Concentrations Benzene Maps
Alternative 2, OIA, Gray Clay
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Figure:
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Predicted Dissolved Concentrations Naphthalene Maps
Alternative 2, OIA, SWBZ
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Figure:
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Predicted Dissolved Concentrations Naphthalene Maps
Alternative 2, OIA, IWBZ
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Figure:
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Predicted Dissolved Concentrations Naphthalene Maps
Alternative 2, OIA, Gray Clay
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Figure:
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Figure:
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Predicted Dissolved Concentrations Naphthalene Maps
Alternative 3, OIA, IWBZ
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Figure:
7-23

Recharge Sensitivity Analysis:
Observed vs. Simulated Target Values
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Figure:
7-25a

Hydraulic Conductivity Sensitivity Analysis:
Observed vs. Simulated Target Values
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Figure:
7-25b

Hydraulic Conductivity Sensitivity Analysis:
Observed vs. Simulated Target Values
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Executive Summary 

Introduction 
The I 02-acre Koppers Co., Inc. (Charleston Plant) Superfund site (the Site) is a former wood 
treating facility in northern Charleston, South Carolina, on the west side of the peninsula formed 
by the Ashley and Cooper Rivers. The Site's soil, ground water and surface water were 
contaminated with polycyclic aromatic hydrocarbons, arsenic, dioxin, pentachlorophenol and 
lead. The triggering action for this five-year review (FYR) was the signing of the previous FYR 
on June 4, 2008. 

Remedial Action 
The Site's remedy included: 

• Excavating soils and sediments that were above the selected excavation levels, with off-
site disposal. 

• Capping remaining areas that were above the selected capping levels. 
• Capping sediments in the barge canal by natural deposition. 
• Capping sediments in the Ashley River with an engineered, subaqueous cap. 
• Extracting non-aqueous phase liquid (NAPL) and ground water from the subsurface. 
• Immobilizing NAPL in the northwest corner using in-situ stabilization and solidification. 

The 1998 Record of Decision (ROD), as modified by the subsequent-Explanations of Significant 
Differences, listed the following performance standards: 

Soil Cap 

• Eliminate exposure for the future on-site worker to surface soil with 
concentrations greater than the selected capping levels. 

• Provide a visible demarcation between cap material and underlying soil. 
• Mitigate adverse impacts related to quantity and quality of resultant storm water 

runoff. 
• Mitigate on-site dust generation during installation and useful life. 
• Ensure long-term permanence and effectiveness of installed cap to meet the four 

performance standards listed above. 

Drainage Ditches 

• Remove all soil and drainage ditch sediments with concentrations of constituents 
of concern greater than the excavation levels. 

• Remove and/or control the transport of NAPL and/or dissolved phase constituents 
from the respective drainage ditch. 

• Reconstruct the respective drainage ditch to: I) eliminate exposure to sediments 
of the respective drainage ditch; and 2) provide for adequate drainage that is 
consistent with its future land use. Reconstruction activities shall be in full 
accordance with the regulations delineated in the South Carolina Stormwater 
Management and Sediment Control Handbook for Land Disturbance Activities 
(February 1997). 
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Tidal Marsh Sediments 

• Physically remove those sediments from the tidal marshes that demonstrated 
significant acute toxicity to the selected indicator species. 

• Manage the remaining sediments that may be a potential risk to ecological 
receptors in place via bioremediation. 

Barge Canal Sediments 

• Eliminate potential exposure to ecological receptors by allowing natural 
deposition of sediments over impacted bottom sediments of the barge canal. 

Ashley River Sediments 

• Ensure short-term protection to surrounding environment during construction and 
installation activities. 

• Provide sufficient cover to mitigate exposure to benthic organisms and subsequent 
adverse impacts to the food chain. 

• Ensure long-term effectiveness and permanence by mitigating erosional effects. 

NAPL/Ground Water 

• Remove or treat NAPL to the maximum extent practicable. 
• Contain potentially 11011-restorable NAPL source areas. 

• Contain and restore aqueous contaminant plumes. 

Technical Assessment 
In general, the remedial action continues to operate and function as designed. The exposure 
assumptions and remedial action objectives used at the time of remedy selection are still valid. 
Some of the Site's constituents of concern now have more stringent toxicity values. However, 
the level of soil contamination remaining on the Site corresponds to risk levels within the EPA 's 
acceptable range (I 0-4 to l0-6

). Furthermore, a large portion of the Site is capped, which prevents 
exposure to remaining soil contamination. Vapor intrusion may be a concern at occupied off-site 
buildings above the ground water plume. The arsenic MCL has become more stringent since the 
1998 ROD. Some contaminants that have been present in the ground water at levels exceeding 
MCLs are no longer being monitored in the Site's ground water. Therefore, it is not known 
whether their current levels exceed MC Ls. Additional land and ground water use restrictions are 
needed, given that the Site was cleaned to industrial levels and ground water contamination 
exists. 

Conclusion 
A protectiveness determination of the Site's remedy cannot be made at this time until further 
information is obtained. Further information will be obtained by conducting air sampling to 
assess more precisely the potential for vapor intrusion. It is expected that these actions will take 
approximately one year to complete, at which time a protectiveness determination will be made. 
In order for the remedy to be protective in the long term, the EPA will issue a decision document 
to select land and ground water use restrictions where needed, and implement the selected 
restrictions. 
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2.0 Site Chronology 

Table I lists the dates of important events for the Site. 

Table 1: Chronology of Site Events 

Event 
The EPA conducted the preliminary assessment 
Fed Serv, Koppers and other parties conducted a removal action at the 
tank farm area leased by Fed Serv 
Braswell Shipyards conducted a removal action at the Peppers Industries 
propertv 
The EPA conducted the site inspection 
The EPA proposed I isting the Site on the National Priorities List 
The EPA and Beazer signed an Administrative Order on Consent to 
conduct the remedial investigation/feasibility study 
The EPA listed the Site on the National Priorities List 
Beazer completed the Remedial Investigation Report 
The EPA issued the final Baseline Risk Assessment 
The EPA issued the interim remedial action Record of Decision (ROD) 
Beazer conducted supplemental ground water and ecological 
investigations 
The EPA and Beazer signed the interim remedial action Unilateral 
Administrative Order 
Beazer began the remedial design 
Beazer completed the remedial design 
The EPA issued a Consent Decree 
Beazer mobilized for the on-site interim remedial action 
Beazer completed the Feasibility Study Report 
The EPA issued the sitewide proposed plan 
Beazer completed the interim remedial action 
The EPA issued the sitewide ROD 
The EPA and Beazer signed the Unilateral Administrative Order to 
implement the sitewide ROD 
Beazer mobilized for the soils, drainage ditch sediments and north tidal 
marsh components 
The EPA and Beazer signed an Administrative Order on Consent 
Beazer mobilized for the Ashley River capping component 
The EPA issued an Explanation of Significant Differences (ESD) for the 
Ashley River remedy 
The EPA and Beazer signed an Administrative Order on Consent 
The EPA issued the first FY R report 
Beazer mobilized for the south tidal marsh sediments, northwest corner 
stabilization and solidification and non-aqueous phase liquid/ground 
water recovery systems 
The EPA issued an ESD for the barge canal and northwest corner 
Ashley I LLC purchased the portions of the Site owned by Beazer 
The EPA conducted the pre-final/final construction inspection 
Beazer submitted the Final Remedial Action Report 
The EPA approved the Preliminary Close-Out Report, Site achieved 
construction completion milestone 
Beazer began full-scale non-aqueous phase liquid and ground water 
recovery in the former treatment area and the old impoundment area 

13 

Date 
June I, 1980 
March 1985 

January 1987 

September 1988 
February 7, 1992 
January 14, 1993 

December 16, 1994 
January 1995 

January 18, 1995 
March 29, 1995 

March 1995 - May 1996 

May 22,1995 

June 5, 1995 
March 25, 1996 

April 9, 1996 
June I I , 1996 

December 1996 
March 1997 

November 13, 1997 
April 29, 1998 

January 25, 1999 

February 1999 

August 4, 1999 
June 200 I 

August 8, 200 I 

August 21, 2002 
January I 0, 2003 

March 2003 

April 24, 2003 
July 15, 2003 
July 30, 2003 

August 29, 2003 
September 25, 2003 

October 2003 



Event Date ----------------1-----------------l 
The EPA issued the second FYR report _____________ ---1c------------J_u_n_e_4..,_,_2_0_0_8---1 
Beazer completed additional investigations at the old impoundment area July 22, 2008 
and former treatment area 
The North Charleston Sewer District renewed Beazer's original 1997 
discharge permit. The current permit is effective January I, 2013 through 
December 31.2017. 
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4.0 Remedial Actions 

In accordance with CERCLA and the NCP, the overriding goals for any remedial action are 
protection of human health and the environment and compliance with applicable or relevant and 
appropriate requirements (ARA Rs). A number of remedial alternatives were considered for the 
Site, and final selection was made based on an evaluation of each alternative against nine 
evaluation criteria that are specified in Section 300.430(e)(9)(iii) of the NCP. The nine criteria 
are: 

I. Overall Protection of Human Health and the Environment 
2. Compliance with ARARs 
3. Long-Term Effectiveness and Permanence 
4. Reduction of Toxicity, Mobility or Volume through Treatment 
5. Short-Term Effectiveness 
6. Implementability 
7. Cost 
8. State Acceptance 
9. Community Acceptance 

4.1 Remedy Selection 

The EPA issued an Interim Action ROD on March 29, 1995. The Interim Action ROD 
called for a source control effort that involved several components designed to eliminate 
off-site migration of non-aqueous phase liquid (NAPL) via surface water conveyances 
and shallow ground water in close proximity to the fonner treatment area. The 
performance standards for the interim response action, as specified in the 1995 ROD are: 

• Eliminate off-site migration of NAPL to the Milford Street drainage ditch. 
• Mitigate the drainage system as a conduit for potential NAPL and constituent 

migration to the Hagood A venue drainage ditch. 
• Eliminate potential exposure to sediments of the Hagood Avenue·drainage ditch. 
• Mitigate off-site migration of NAPL in the intermediate water-bearing unit 

underlying the former treatment area. 

The EPA selected the final sitewide remedy in the ROD signed on April 29, 1998. The 
Final ROD specified a multi-media response action to address surface/subsurface soi Is, 
sediments of drainage ditches, ground water/NA PL, surface water contaminant transport 
pathways, and sediments of the Ashley River, barge canal and north/south/northwest tidal 
marshes. The EPA issued two Explanations of Significant Differences (ESDs) after the 
April 1998 ROD. An August 2001 ESD changed the Ashley River remedy from 
enhanced sedimentation to placement of an engineered, subaqueous cap. An April 2003 
ESD changed the barge canal remedy from placement of an engineered subaqueous cap 
to natural deposition and monitored natural recovery, and changed the ground 
water/NA PL component for the northwest corner of the Site from active NAPL recovery 
with extraction wells to immobilization using stabilization and solidification techniques. 
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The Site's decision documents included performance standards rather than remedial 
action objectives. 

Site Soil and Drainage Ditch Sediments 
The EPA determined that five primary constituents contribute unacceptable carcinogenic 
and non-carcinogenic risks under the future industrial land use scenario. These 
constituents are referred to as constituents of concern and include: arsenic. 
benzo(a)pyrene toxicity equivalent (B(a)P-TE), dioxin, lead and pentachlorophenol. 
B( a)p-TE is a summary parameter that converts concentrations of carcinogenic PAHs to 
an equivalent benzo(a)pyrene concentration. 

The 1998 ROD specified soil and drainage ditch sediment excavation levels that were 
adequately protective for the future on-site worker (surface soil) and future utility worker 
(subsurface soil) under a future industrial land use scenario. Surface soil was defined as 
ground surface to six inches below ground surface. Subsurface soil was defined as six 
inches below ground surface to the water table. The soil and drainage ditch sediment 
excavation levels are summarized in Table 2 below. The 1998 ROD stated that, after 
excavation and off-site disposal, all surface soil with concentrations greater than the 
capping levels in Table 3 below would be covered. 

Table 2: Soil/Sediment Excavation Levels 

Constituent of 
Surface Soil/Sediment 

Subsurface Soil/Sediment 
Concern 

Excavation Level (milligrams 
Excavation Level (mg/kg) 

per kilo2ram (m!!:/k2)) 
Arsenic 135 1,550 
B(a)p-TE 1 20 275 3 

Dioxin TEQ- 0.0015 0.02 
Pentachlorophenol 235 4,300 
Notes: 
[I] - B(a)p-TE (benzo(a)pyrene toxicity equivalent) is a measure of the overall toxicity 
of all the carcinogenic PAHs. 
[2] - Dioxin toxicity equivalent quotient (TEQ) is a measure of the overall toxicity of all 
the various types of dioxins. 
[3] -The subsurface excavation met a cleanup standard of55 mg/kg for B(a)p-TE (Final 
Remedial Action Report, p. 7, App. F) 

Table 3: Soil/Sediment Capping Levels 

Constituent of Surface Soil Capping 
Concern Level (m2/k2) 

B(a)p-TE 2.0 
Lead 1,150 

The 1998 ROD specified the following performance standards for the soil cap: 

• Eliminate exposure for the future on-site worker to surface soil with 
concentrations greater than the capping levels (listed in Table 3 above). 

• Provide a visible demarcation between cap material and underlying soil. 
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o Mitigate adverse impacts related to quantity and quality of resultant storm water 
runoff. 

o Mitigate on-site dust generation during installation and useful life. 
o Ensure long-term permanence and effectiveness of installed cap to meet the four 

performance standards listed above. 

The 1998 ROD specified the following performance standards for the South Braswell, 
West Milford and Central drainage ditches: 

o Remove all soil and drainage ditch sediments with concentrations of constituents 
of concern greater than the excavation levels (listed in Table 2 above). 

0 Remove and/or control the transport of NAPL and/or dissolved phase constituents 
from the respective drainage ditch. 

o Reconstruct the respective drainage ditch to: I) eliminate exposure to sediments 
of the respective drainage ditch; and 2) provide for adequate drainage that is 
consistent with its future land use. Reconstruction activities shall be in full 
accordance with the regulations delineated in the South Carolina Stormwater 
Management and Sediment Control Handbookfor Land Disturbance Activities 
(February 1997). 

North, South and Northwest Tidal Marsh Sediments 
The objectives of the remedy for the north, south and northwest tidal marshes are: 

0 Physically remove those sediments from the tidal marshes that demonstrated 
significant acute toxicity to the selected indicator species. 

o Manage the remaining sediments that may be a potential risk to ecological 
receptors in place via bioremediation. 

The 1998 ROD required excavation, capping/revegetation and off-site disposal of 
sediments from the north and south tidal marshes that demonstrated significant acute 
toxicity to the selected benthic and aquatic marine invertebrate indicator species, 
Neanthes arenaceodentata and Mysidopsis bahia, respectively. The ROD stated that the 
vertical limit of excavation would be the biologically active zone (the upper 1 foot of 
material at a minimum). 

The 1998 ROD specified in-situ bioremediation for the northwest marsh and portions of 
the south tidal marsh that did not demonstrate significant acute toxicity to the indicator 
species, but did contain sediment concentrations above benchmarks. The ROD 
recognized that in-situ bioremediation was an emerging/innovative technology and 
established a modest performance standard for this particular remedy component. The 
selected performance standard was reduction of sediment constituent concentrations from 
observed baseline conditions. 

Barge Canal Sediments 
The 1998 RO D's selected remedy for the approximately 3.2-acre barge canal was 
placement of an engineered, subaqueous cap. The remedy's objective for the barge canal 
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is to eliminate potential exposure to ecological receptors by placing a cap over impacted 
bottor:n sediments of the barge canal. 

The remedial design determined that natural deposition of sediments in the barge canal 
would achieve the objectives established in the ROD for the subaqueous cap alternative. 
The EPA prepared an ESD in April 2003 to present the rationale supporting the revised 
remedy for the barge canal. 

Ashley River Sediments 
The performance standards for the Ashley River remedy component established in the 
ROD include: 

• Ensure short-term protection to surrounding environment during construction and 
installation activities. 

• Provide sufficient cover to mitigate exposure to benthic organisms and subsequent 
adverse impacts to the food chain. 

• Ensure long-term effectiveness and permanence by mitigating erosional effects. 

The ROD selected enhanced sedimentation for a strip of near-shore sediments of the 
Ashley River that extended approximately 1,500 linear feet north/south along the Site and 
approximately 50 to I 00 feet west of the shoreline towards the former navigation 
channel. The conceptual approach to enhanced sedimentation involved capping impacted 
river sediments by increasing and accelerating natural sedimentation processes. Enhanced 
sedimentation was to be achieved by decreasing water velocities in the area of interest, 
resulting in increased deposition of the river's suspended sediment load. The ROD 
required that modeling studies be conducted to determine the engineering structures to be 
used to optimize sediment deposition and to predict sediment deposition rates within the 
area of interest. 

During the remedial design phase, numerical sediment transport modeling was conducted 
to support identification and evaluation of enhanced sedimentation alternatives. The 
results of this modeling effort indicated that the established performance standards for the 
Ashley River sediments could best be achieved by the installation of a sheetpile barrier 
wall system around the area slated for remediation. However, geotechnical analysis for 
the structural design of the sheetpile wall determined that installation would be 
technically challenging and cost-prohibitive due to the steep slopes of the Ashley River 
channel and the depth of soft sediments. Moreover, concerns related to existing derelict 
dock structures and operational issues of property owners along the Ashley River 
necessitated a change in the selected remedy for Ashley River s~di°ments. Therefore, the 
EPA issued an ESD in August 2001 that revised the Ashley River remedy. The ESD 
called for placing an engineered, subaqueous cap with a minimum thickness of 12 inches 
over the area of interest. 

NAPL/Ground Water 
The 1998 ROD identified three source areas of subsurface NAPL on site: the former 
treatment area, the old impoundment area and the northwest corner. The 1998 ROD did 
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not identify which ground water contaminants are considered to be constituents of 
concern. The ROD's cleanup goal for ground water is to achieve the maximum 
contaminant levels (MCLs) specified by the Safe Drinking Water Act. However, because 
it may not be technically possible to achieve the MCLs, the ROD established the 
following performance standards: 

• Remove or treat NAPL to the maximum extent practicable. 
• Contain potentially non-restorable NAPL source areas. 
• Contain ·and restore aqueous contaminant plumes. 

The ROD indicated that these performance standards would be achieved by the recovery 
of NAPL and impacted ground water by extraction wells installed in the shallow and 
intermediate water-bearing units underlying the source areas. However, additional data 
collected from the northwest corner during the remedial design phase indicated that, 
although NAPL was present, it did not appear to be of sufficient quantity and/or mobility 
to permit recovery via extraction wells. Subsequent treatability testing demonstrated that 
NAPL in the northwest corner could be immobilized by in-situ stabilization and 
solidification (S/S) with portland cement. Therefore, the EPA issued an ESD in April 
2003 to revise the ground water/NAPL strategy at the northwest comer to S/S. The 
ground water and NAPL remediation strategy for the former treatment area and old 
impoundment area remained extraction via recovery wells. 

4.2 Remedy Implementation 

The interim action work was completed in 1997. It generally involved physical 
reconstruction and rehabilitation of the Milford Street and Hagood Avenue drainage 
systems, installation of six shallow NAPL extraction wells along Milford Street and 
installation of two intermediate NAPL extraction wells near the former pressure vessels. 
Beazer implemented the interim action under a Unilateral Administrative Order with the 
EPA dated May 22, 1995. The EPA and SCDHEC approved remedial design documents 
for the interim action in April 1996. 

Beazer implemented the final remedy through a Unilateral Administrative Order 
(effective date of January 25, 1999) with the EPA, and pursuant to the January 1999 
Remedial Design Work Plan. Design and construction efforts were separated into the 
following seven distinct packages: 

• Site Soil and Drainage Ditch Sediments 
• North Tidal Marsh Sediments 
• In-Situ Bioremediation of Northwest & South Tidal Marsh Sediments 
• Barge Canal Sediments 
• Ashley River Sediments 
• South Tidal Marsh Sediment Excavation 
• NAPL/Ground Water 

Initial priority was given to those remedy components that would generate F032, F034 
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and/or F035 listed wastes and would require off-site disposal prior to the Land Disposal 
Restriction deadline of May 12, 1999. The north tidal marsh sediments and the majority 
of the site soils were protectively managed with these waste listings. 

The various remedy components were implemented and constructed via three primary 
mobilization efforts: February 1999 for site soils and drainage ditch sediments, June 200 I 
for the Ashley River sediments, and March 2003 for the south tidal marsh sediments and 
NAPL/ground water. The remainder of this section provides a brief description of the 
construction activities associated with the remedy components described above. The 
Final Remedial Action Report (URS Corp., August 2003) gives a more detailed account 
of this subject matter. 

Site Soil and Drainage Ditch Sediments 
In May 1998, pre-design delineation was perfonned to determine the volume and extent 
of soils exceeding the soil remediation goals. The Site was divided into remedial action 
zones based on historical land use, physical and chemical characteristics, and proposed 
remediation activities. Results from the pre-design delineation were incorporated into 
historical site sampling data and examined by geostatistical analyses to compute the most 
accurate delineation of the excavation and capping areas within the various remedial 
action zones. Based on the results of the geostatistical analyses, the ROD soil remedial 
action boundaries were defined and approved by the EPA and SCDHEC prior to field 
mobilization. 

An estimated 22,000 tons of material were excavated and hauled to an on-site materials 
handling and staging area before being transported off-site to a Subtitle C landfill in 
Pinewood, South Carolina, for final disposal. This volume estimate also includes 
sediments excavated from the north tidal marsh (see Section 4.2.2 below). Post
excavation confirmatory sampling was conducted to verify that all remedial action zones 
met the specified performance standards. 

An estimated 3,600 linear feet of drainage ditches were reconstructed to eliminate an 
important contaminant transport pathway. The Braswell Street drainage system was 
reconstructed using large-diameter high-density polyethylene (HDPE) pipes and HOPE
lined inlets and manholes. HOPE material was selected as the construction material 
because joints (pipe to pipe and pipe to inlet) could be welded to ensure a watertight seal. 
Existing drainage ditches were abandoned. Shallower swales were constructed to direct 
runoff to the inlets of the newly installed drainage system. The Milford Street drainage 
system was reconstructed along the existing drainage easement as an open ditch system 
consisting of a shallow lined ditch. The ditch lining consists of a welded HOPE liner that 
was overlain by an 8-inch-thick concrete grout mat. The Central Drainage Ditch was 
reconstructed in the previous drainage ditch alignment as an open ditch system consisting 
of a shallow, lined ditch similar to the reconstructed Milford Street drainage system. 

Approximately 40 acres of the Site were covered with a protective engineered soil cover. 
An estimated 30 acres of the engineered soil cover were required to comply with the 
ROD, and Beazer voluntarily capped the remaining area to better integrate the final cap 

29 



dimensions with existing land use and property boundaries. Four types of engineered soil 
covers were constructed; all were underlain by a geotextile barrier for visible demarcation 
purposes: 

• Type I lA - 12-inch vegetated compacted fill 
• Type IIB - 8 inches of compacted fill, followed by 4 inches of vegetated topsoil 
• Type IIC - 12-inch aggregate base course 
• Type I lD - 3-inch aggregate base course layer overlain by a 2-inch asphalt 

pavement 

In December 200 I, a potential release of creosote-related material was observed at the 
outfall of the Braswell Street drainage system near the barge canal. Corrective measures 
were implemented from July 8 through July 23, 2002. The repair consisted of installing a 
cement-bentonite seepage cutoff wall across the two pipes approximately 190 feet 
upstream from the outfall headwall and immediately behind the headwall, injecting the 
gravel pipe bedding with a cement-bentonite grout mixture, and removing and solidifying 
the impacted sediments within the rip-rap apron downstream of the outfall. The solidified 
sediments were later transported to Canada for landfill disposal as a listed hazardous 
waste. 

North Tidal Marsh Sediments 
Beazer remediated an estimated 1,300-foot reach of the tidal creek channel, extending 
northwest from the intersection of Hagood Avenue and Doscher A venue. The horizontal 
limits of excavation were dictated by field conditions and the material's angle of repose, 
but generally ranged from 20 to 30 feet in width. Best professional efforts were employed 
to remove visually impacted material beyond the established vertical/horizontal 
excavation limits, where practical. 

Construction activities were initiated with dewatering and drainage control of the work 
area. The Hagood A venue drainage system was temporarily diverted around the work 
area via a diversion ditch installed along the north side of Hagood A venue. Ashley River 
tidal fluctuations were controlled by installing a tidal embankment across the marsh at the 
most downstream edge of the work area. The tidal embankment was fitted with an outlet 
structure to bypass water that accumulated in the work area. The original Hagood Avenue 
drainage system was restored and the tidal embankment was removed following 
construction. 

Two access roads were constructed off Hagood A venue to provide access to the 
remediation area. Access to the excavation area was accomplished through the use of a 
wooden-mat working platform. The mat platform was constructed along the centerline of 
the tidal creek channel and the excavation proceeded in an upstream to downstream 
direction to minimize the possibility of recontamination. As discussed previously, 
implementation of north tidal marsh remedy was coordinated with the upland soils 
component due to the impacts of the Phase 4 Land Disposal Restrictions on off-site 
disposal logistics. An estimated 1,500 cubic yards of material were removed from the 
north tidal marsh, hauled to the on-site material handling and staging area, and blended 
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with upland soils before being transported off site to a Subtitle C landfill in Pinewood, 
South Carolina, for final disposal. 

Engineering controls were employed during excavation to provide short-term 
protectiveness and to mitigate the potential release of constituents via suspended 
sediments, tidal fluctuations and stormwater discharges. As an additional sediment and 
erosion control measure, hay bales were strategically placed to remove sediment from 
any bleed water or storm water runoff prior to discharge at the downstream end. The hay 
bales were maintained during construction and restoration to assist in stabilizing the 
backfill and aid in revegetation of the area. 

Once the excavations were completed to the required depth, a protective cap consisting of 
a non-woven geotextile and a minimum of 12 inches of sand was placed over the 
disturbed areas. The disturbed areas were returned to approximate pre-excavation 
elevations to avoid disruption of the natural dynamics of the local tidal marsh ecosystem, 
and were revegetated and restored with native species typical to tidal marshes of the 
vicinity. A monitoring and contingency plan was adopted to ensure the restored areas 
returned to functioning and productive habitat. 

In-Situ Bioremediation of Northwest and South Tidal Marsh Sediments 
After completion of additional characterization work in the south tidal marsh to refine the 
excavation boundaries, a I 2-month pilot test for in-situ bioremediation of sediments in 
portions of the northwest and south tidal marshes was conducted from April 2000 to 
April 200 I. The pilot study focused on the following three topics: 

• Monitoring acute toxicity. 
• Monitoring microbial community activity and constituent concentration of 

sediments in response to nutrient enhancement. 
• Monitoring marsh biology (e.g., plants and macroinvertebrates) in response to 

nutrient enhancement. 

The pilot study included fertilization with nitrogen and phosphorus over the entire south 
marsh study area and the addition of oxygen releasing compounds to three smaller sub
plots. The goal of these treatments was to enhance phytoremediation and to stimulate the 
catabolic activities of the indigenous microflora with known abilities to biodegrade 
organic constituents such as PAHs. The accelerated biological activities were intended to 
reduce constituent concentrations to acceptable levels as measured by a reduction in acute 
toxicity. The pilot study indicated that in-situ bioremediation did not produce an 
appreciable reduction in contaminant concentrations or a reduction in acute toxicity. As a 
result, full-scale implementation was not pursued. No further remedial action is planned 
for the marsh. 

Barge Canal Sediments 
This effort consisted of two sampling events to verify that concentrations of PAHs in 
sediments of the barge canal have decreased over time. A monitoring and contingency 
plan was adopted to ensure the revised natural deposition remedy meets the performance 
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standards established in the 1998 ROD. Monitoring results to support the monitored 
natural recovery for the barge canal are discussed further in Section 6.4 below. 

Ashley River Sediments 
Construction activities for the Ashley River component began in June/July 200 I with the 
demolition of the old railroad trestle and pier structures, cutting and removal of the 
associated timber piles, construction of access roads and construction of a revised central 
drainage ditch outfall. The cap construction followed the demolition activities and was 
completed in December 200 I. The total area of the Ashley River capped was 
approximately 132,000 square feet, or roughly 3 acres. The subaqueous cap consisted of 
two types of caps, each having a minimum thickness of 12 inches: 

• An approximately 2-acre sand cap was underlain by a non-woven geotextile to 
minimize consolidation concerns. Settlement and thickness monitors were placed 
in the sand cap in a regular grid at 50 foot centers to measure cap integrity over 
time. 

• The remaining area immediately in front of the central drainage ditch outfall and 
the Parker Marine barge landing area received a cement-stabilized cap due to 
erosional concerns. This was accomplished by using a tubular mixing device and 
amphibious excavator to inject and mix cement-based grout into the upper 2 feet 
of sediments. Approximately 2,450 cubic yards of sediment were solidified to a 
depth of 2 feet using this technique. 

A monitoring program was developed to measure the cap's effectiveness over time in 
mitigating potential risks to the benthic community and upper trophic level receptors. The 
results of this monitoring program are discussed further in Section 6.4 below. 

South Tidal Marsh Sediment Excavation 
Additional refinement sampling conducted during the project's remedial design phase 
increased the area of excavation to approximately 2 acres. 

South tidal marsh construction activities began with mobilization in March 2003 and 
were finished with revegetation efforts by June 2003. The construction activities and 
sequencing for this component were performed in a similar fashion to that of the north 
marsh construction activities. A tide control embankment was installed around the 
periphery of the work area and a barrel/riser outlet structure was installed to bypass water 
that accumulated in the excavation area. Sediments from the south tidal marsh were 
removed by tracked excavators working on marsh mats or from the tide control 
embankment. Excavated material was hauled to an on-site handling and staging area for 
stabilization with cement kiln dust, before being hauled off site to the Lee County 
Subtitle D landfill in Bishopville, South Carolina, for final disposal. Approximately 2,500 
tons of material, which included an estimated 600 tons of cement kiln dust, were hauled 
off site for disposal. 

The excavated area was covered with a non-woven geotextile, backfilled with a minimum 
of 12 inches of sand, and graded to match pre-excavation tidal marsh elevations. The 
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south tidal marsh was revegetated and restored with native species typical to tidal 
marshes of the area. A monitoring and contingency plan was adopted to ensure the 
restored areas returned to functioning and productive habitat. 

NAPL/Ground Water 
Mobilization for the northwest corner S/S remedial component was initiated in May 2003 
and construction was completed by July 2003. The horizontal extent of the S/S area was 
approximately 17,500 square feet and the vertical extent was 1 foot into the clay
confining unit, which varied in depth across the treatment area, but averaged 
approximately 14 feet. The SIS remedy was implemented using a slurry trenching 
technique due to the close proximity to the Ashley River and shallow depths to the 
observed ground water table. The treatment area was divided into 33 trenches, each being 
4.5 feet wide and varying in length and depth. Each adjacent trench overlapped 
neighboring trenches to ensure complete treatment of the specified area. 

Impacted material was excavated from each treatment trench, under bentonite slurry, and 
was transported to the mix containers for subsequent treatment. A total of 13,199 tons of 
impacted material were excavated and treated as part of this remedy. Following 
treatment, the solidified/stabilized material was placed back into the open excavation. At 
the completion of the solidification/stabilization activities, the surface of the 
solidified/stabilized soil was graded to promote drainage, and clean aggregate was 
placed. 

NAPL recovery system installation activities were initiated in June 2003 and continued 
through August 2003. The full-scale recovery system was integrated with relevant 
components of the Interim Action treatment system, and full-scale recovery operations 
began in October 2003. 

Active NAPL recovery is occurring in the former treatment area (FTA) and old 
impoundment area (OIA) using a network of NAPL and ground water extraction wells 
screened within the shallow and intermediate water bearing zones. The NAPL recovery 
system in the FTA consists of 11 shallow wells and four intermediate wells. In the OIA, 
the NAPL recovery system consists of three shallow wells and one intermediate well. 
This is a dual phase recovery system that extracts ground water and NAPL through 
separate lines. NAPL recovery is accomplished by pumping ground water at a controlled 
rate to enhance mobilization of NAPL to the extraction well sumps. The accumulation of 
NAPL in the storage sumps at the bottom of each extraction we LI is monitored on a 
weekly basis. When the volume of NAPL in the storage sump approaches capacity, the 
NAPL is extracted from the well using a surface-mounted air diaphragm pump and stored 
in an on-site aboveground storage tank. Recovered NAPL is periodically shipped to Giant 
Cement Company in Harleyville, South Carolina, for use as an energy recovery fuel in 
rotary cement kilns. Recovered ground water is discharged to the City of North 
Charleston publicly owned treatment works (POTW) under a Significant Industrial 
Wastewater Discharge Permit (permit number 2078). The current permit is effective from 
January I, 2013, until December 31, 2017. Ground water from the 15 FT A extraction 
wells is pre-treated prior to discharge to the sewer, in order to meet the POTW permit 

33 



limits; the pre-treatment consists of an oil-water separator and addition of caustic to raise 
the pH. The water is sampled monthly for volatile organic compounds (VOCs), PAHs, 
arsenic and phenols. Ground water from the four OJA extraction wells is sent directly to 
the POTW because no pre-treatment is required to meet the POTW permit limits. 

A performance monitoring program for the ground water/NA PL recovery and SIS 
remedies was developed using a network of existing and new monitoring wells across the 
Site. A monitoring plan was adopted to ensure the long-term permanence and 
effectiveness of the NAPL recovery systems, the solidification/stabilization remedy, and 
monitored natural attenuation mechanisms to meet the required performance standards. 
Operation and maintenance (O&M) reports have been submitted to the EPA and 
SCDHEC since this recovery system began full scale operation. Results from the 
monitoring program and annual O&M reports are discussed further in Section 6.4 below. 

4.3 Operation and Maintenance (O&M) 

The Site's current O&M requirements are: 

• Engineered Soil Cover and Drainage Ditches: annual monitoring of the 
engineered soil cover and the ditch lining system 

• Barge Canal: no further sediment monitoring and sampling activities are required 
• South Tidal Marsh: no further monitoring is required 
• Ashley River Subaqueous Cap: annual monitoring of the subaqueous cap 

thickness 
• Northwest Comer: semi-annual NAPL thickness monitoring and annual chemical 

monitoring in the vicinity of the solidification/stabilization area 
• NAPL Recovery System: monthly and semi-annual monitoring of the 

performance of the NAPL recovery system in the OlA and FTA 
• Ground Water Natural Attenuation: semi-annual and annual monitoring of the 

effectiveness of the natural attenuation remedy in the OlA and FTA 

Engineered Soil Cover and Drainage Ditches 
The April 2004 Comprehensive Environmental Monitoring Plan requires annual visual 
inspections of the engineered soil cover and the reconstructed drainage ditches for 
structural integrity and performance. Inspections are typically conducted during the first 
quarter of each year, and have been conducted annually since 2004. A summary 
memorandum with supporting pictures is submitted to the EPA for proper documentation. 

The engineered soil cover was repaired many times to repair depressions likely caused by 
activities that are no longer occurring on the Site, such as shipping container storage. The 
cover repair work generally consisted of backfilling the depression with gravel, asphalt or 
vegetation and grading the area to promote positive drainage. The Milford Street and 
Central Drainage Ditches were cleaned out in 2008 to remove sediment and vegetation 
growing in the ditches. The Braswell Street, Milford Street and Central Drainage Ditches 
were cleaned out in 2009, 20 IO and 2011 to remove vegetation growing in the ditches. 
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The Hagood Avenue drainage ditch is maintained by the City of Charleston. During the 
January 2013 site inspection, this drainage ditch had substantial sediment accumulation 
and dense vegetation, including trees and shrubs. 

Ashley River Subaqueous Cap 
The monitoring program for the Ashley River subaqueous cap requires annual sand cap 
thickness monitoring and additional thickness measurements after significant storm 
events with high erosion capacity (e.g., tropical storms/hurricanes). The February 2008 
inspection found no locations with a cap thickness less than the 12-inch minimum design 
standard. The February 2008 monitoring event occurred shortly after the subaqueous cap 
was repaired in January 2008; the repair work involved adding riprap and sand to areas 
where the cap was less than 12 inches thick. The 2009 and 20 IO inspections found that 
the cap's thickness was less than 12 inches at two and three locations, respectively. No 
maintenance was performed. The March 20 I I inspection found no locations with a cap 
thickness of less than 12 inches. 

NAPL Recovery System 
O&M of the NAPL recovery system is conducted by EFM Inc. During 2008-2011, most 
of the NAPL recovery wells operated at least 80 percent of each year, except for three 
OJA wells where tarry residues and mineral deposits accumulated on the well screens. 
Beazer attempted to redevelop these wells in September 20 IO with I im ited success. 

Table 4: Annual O&M Costs 

Year Total Cost 
2008 $341,000 

2009 $233,000 

2010 $233,000 

2011 $175,000 

2012 $176,000 

Annual costs for O&M over the past five years are shown in Table 4. The costs were 
higher in 2008 due to several activities that occurred that year, including: a RCRA large 
quantity generator inspection, additional ground water sampling activities, and some 
incorrectly charged barge canal sampling and reporting. The relatively lower costs shown 
for 2011 and 2012 are largely the result of some minor system adjustments that Beazer 
completed in 20 I 0. Beazer replaced an oversized air compressor, which reduced utility 
costs, and switched from liquid caustic solution to a pelletized fom1, which reduced 
acquisition and material management costs. 

The 1998 ROD estimated that the Site's O&M costs would be $1.4 million for the ground 
water/NAPL recovery and treatment systems, $46,000 for the Ashley River subaqueous 
cap, $75,000 for the barge canal, and $64,000 for bioremediation in the tidal marshes. 
These were estimates of the total net present worth over a 30-year period. The O&M cost 
estimate in the 1996 Feasibility Study Report appears to have underestimated the annual 
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O&M costs associated with the ground water/NAPL recovery and treatment systems at 
this Site. 
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Item Estimated Unit Subtotal Total Item
No. Description Quantity Units Cost Costs Cost Source1 Annual Cost
1. 7 EACH 1,667$      11,669$       Current monitoring costs2 11,669$            
2 4 EACH 6,579$      26,316$       Current recovery costs3 26,316$            

1,899.25$        
39,900$            

Present Value Analysis at Discount Rate of 4% Total 30 Year O&M Cost (rounded) $1,236,900
Year Total Cost Present Value4 Total Present Value of O&M (rounded) $729,900

0 $39,900 $39,900
1 $39,900 $38,365
2 $39,900 $36,890 Prepared by: LSM 09/17/2015
3 $39,900 $35,471 Checked by: SEG 09/21/2015
4 $39,900 $34,107
5 $39,900 $32,795
6 $39,900 $31,534
7 $39,900 $30,321
8 $39,900 $29,155
9 $39,900 $28,033
10 $39,900 $26,955
11 $39,900 $25,918
12 $39,900 $24,921
13 $39,900 $23,963
14 $39,900 $23,041
15 $39,900 $22,155
16 $39,900 $21,303
17 $39,900 $20,484
18 $39,900 $19,696
19 $39,900 $18,938
20 $39,900 $18,210
21 $39,900 $17,509
22 $39,900 $16,836
23 $39,900 $16,188
24 $39,900 $15,566
25 $39,900 $14,967
26 $39,900 $14,392
27 $39,900 $13,838
28 $39,900 $13,306
29 $39,900 $12,794
30 $39,900 $12,302

Total $1,236,900 $729,852

Notes:
1. Source Charleston Site Expenditures table provided by Beazer, years 2008 thru 2012 and is considered -30% to +50% to meet requirements of 40 CFR 300.430(e)(9)(G).
2. Cost per well as ratio of current annual O&M costs for groundwater monitoring at the Former Koppers Company Site: $55,000/33 wells = $1667/well.  
3. Cost per well as ratio of current annual O&M costs for DNAPL Recovery at the Former Koppers Company Site: $125,000/19 wells = $6579/well.  
4. All costs are in 2015 dollars

Annual Total (rounded)

ALTERNATIVE 1 COST ESTIMATE
DNAPL RECOVERY IN THE OIA

Groundwater Monitoring
DNAPL Recovery
Contingency (5%)



Item Estimated Unit Subtotal Total Item
No. Description Quantity Units Cost Costs Cost Source Cost
1. 100% Design Preparation 1 LS 30,000$     30,000$                 Estimate 30,000$       

2. Technical Execution Plan Preparation 1 LS 30,000$     30,000$                 Estimate 30,000$       

3. 1 LS -$                           $250,000
1 LS 50,000$     50,000$                 Previous project experience
1 LS 200,000$   200,000$               Previous project experience

4. $63,500
1 LS 50,000$     50,000$                 Previous project experience

2,500 LF 5$              12,500$                 RSMeans, 015626500100
2 Each 500$          1,000$                   RSMeans, 102216100400

5. Site Security 25 Weeks 3,000$       75,000$                 Estimate $75,000

6. Underground Utility Locate Services 1 LS 5,000$       5,000$                   Estimate $5,000

7. $7,000
1,000 LF 4$              4,000$                   Previous project experience

1 Each 3,000$       3,000$                   Previous project experience

8. $34,150
320 CY 40$            12,800$                 RSMeans, 024113175200
3 Each 1,800$       5,400$                   RSMeans,024113420200 (modified)

1,200 LF 8$              9,600$                   RSMeans, 024113381900
300 LF 3$              900$                      RSMeans, 024113601755
2 Each 225$          450$                      RSMeans, 024113800100
1 LS 5,000$       5,000$                   Estimate

9. 640 Ton 100$          64,000$                 RSMeans, 024119190950 $64,000

10. $63,000
1,200 LF 40$            48,000$                 RSMeans, 334113501090

6 Each 2,500$       15,000$                 RSMeans, 334913100900

11. $63,900
7,100 CY 9$              63,900$                 RSMeans, 312316130300

12. $35,500
7,100 CY 5$              35,500$                 RSMeans, 312323170170 (modified)

13. $3,212,500
9,500 CY 75$            712,500$               Previous project experience
25,000 CY 100$          2,500,000$            Previous project experience

14. $220,000
1 LS 20,000$     20,000$                 Estimate

10,000 CY 20$            200,000$               Estimate

15. $35,160
3,000 CY 10$            30,000$                 RSMeans, 312316130300

Hydorseeding 4.3 AC 1,200$       5,160$                   

16. $100,000
1 LS 50,000$     50,000$                 Estimate
25 Weeks 2,000$       50,000$                 Estimate

17. $125,000
1 LS 25,000$     25,000$                 Previous project experience
1 LS 100,000$   100,000$               Previous project experience

$4,413,710
7% $308,960

1,200 HR $130.00 156,000$               $201,240
Lodging and per diem 156 DY $170.00 26,520$                 
Truck 156 DY $75.00 11,700$                 
Gas 2,340 GL $3.00 7,020$                   

Meetings 120 HR $175.00 21,000$                 $23,700
Lodging and per diem 6 DY $170.00 1,020$                   
Vehical Rental 12 DY $65.00 780$                      
Gas 300 GL $3.00 900$                      

$4,948,000

Notes:

requirements of 40 CFR 300.430(e)(9)(G). 
2.  Source of unit costs: RSMeans CostWorks® by RSMeans Company and other sources as noted.  Unit prices include material, labor and equipment.

5.  Construction oversight and meetings based on following assumptions: one full-time person (6 months, 1,200 hrs) @ $130.00 per hour; and monthly meetings (6 meetings, 20 hrs each) 120 hours @ $175 per hour

Contingency (rounded)
Construction oversight

TOTAL (rounded)

3.  This cost estimate is made on the basis of Amec Foster Wheeler’s judgment as experienced and qualified professionals familiar with utility construction projects.
4.  Costs do not include construction administration, QA/QC inspection and testing, flow bypassing, traffic control, and other construction items not specifically listed or anticipated in the 60% Design.

1.  This cost estimate was prepared based on information shown on the 60% Remediation Design Drawings for Former Koppers Superfund Site dated July 23, 2015 and is considered -30% to +50% to meet 

Subtotal

Swell Management

Backfill and Grading
Apply 1-foot clean soil layer over the remediation area

Water Treatment 
Permitting, Mobilization and Setup
Operations (includes sampling and analysis)

Demobilization
General Mobilization
ISS Mobilization

Swell Containment Dike Construction and Mainatenance

Excavation to Pre-ISS Elevation
Excavation and Stockpiling

Stockpile Management and Placement of Excavated Material
Managing Stockpiles and on-site soil placement

In-Situ Solidification 
Shallow Soil Mixing
Deep Soil Mixing

Swell Containment Dike and Swell Management

Stormwater catch basins (with grates)

Selective Demolition
Concrete Slab (6" thick)
Stormwater catch basins
Stormwater piping
Fencing
Utility Pole
Miscellaneous

Loading and Disposal of Demolished Material

Stormwater Conveyance System
Stormwater piping

Temporary construction entrance/exit

ALTERNATIVE 2 CAPITAL COST ESTIMATE
ISS REMEDIATION OF THE OIA

Mobilization
General Mobilization
ISS Mobilization

Temporary Facilities and Controls
Temporary Facilities 
Temporary Fencing
Temporary Gates

Temporary Erosion and Sediment Control Measures 
Temporary silt fence, installation and maintenance (single row)

Prepared By: Asad Ravat
Checked By: Stephen A. Lind
Amec Foster Wheeler Environment & Infrastructure, Inc. Page 1 of 1

I I 
I I 

I I 

I I 

I 
I 
I 



Item Estimated Unit Subtotal Total Item
No. Description Quantity Units Cost Costs Cost Source Cost
1. 100% Design Preparation 1 LS 80,000$     80,000$                Estimate $80,000

2. Technical Execution Plan Preparation 1 LS 50,000$     50,000$                Estimate $50,000

3. 1 LS -$                         $250,000
1 LS 50,000$     50,000$                Estimate
1 LS 200,000$   200,000$              Estimate

4. $63,500
1 LS 50,000$     50,000$                Previous project experience

2,500 LF 5$             12,500$                RSMeans, 015626500100
2 Each 500$          1,000$                  RSMeans, 102216100400

5. Site Security 25 Weeks 3,000$       75,000$                Estimate $75,000

6. Underground Utility Locate Services 1 LS 5,000$       5,000$                  Estimate $5,000

7. $7,000
1,000 LF 4$             4,000$                  Previous project experience

1 Each 3,000$       3,000$                  Previous project experience

8. $34,150
320 CY 40$           12,800$                RSMeans, 024113175200
3 Each 1,800$       5,400$                  RSMeans,024113420200 (modified)

1,200 LF 8$             9,600$                  RSMeans, 024113381900
300 LF 3$             900$                     RSMeans, 024113601755
2 Each 225$          450$                     RSMeans, 024113800100
1 LS 5,000$       5,000$                  Estimate

9. 640 Ton 100$          64,000$                RSMeans, 024119190950 $64,000

10. $63,000
1,200 LF 40$           48,000$                RSMeans, 334113501090

6 Each 2,500$       15,000$                RSMeans, 334913100900

11. $27,000
3,000 CY 9$             27,000$                RSMeans, 312316130300

12. $15,000
3,000 CY 5$             15,000$                RSMeans, 312323170170 (modified)

13. $546,930
3,000 CY 182$          546,930$              RSMeans, 035216121040

14. $220,500
36,750 SF 6$             220,500$              Previous project experience

15. $7,141,000
38,600 CY 185$          7,141,000$           See Note 6

15. $35,160
3,000 CY 10$           30,000$                RSMeans, 312316130300

Hydroseeding 4.3 AC 1,200$       5,160$                  

16. $102,000
1 LS 50,000$     50,000$                Estimate

26 Weeks 2,000$       52,000$                Estimate

17. $35,000
7 Each 5,000$       35,000$                Previous project experience

18. $125,000
1 LS 25,000$     25,000$                Estimate
1 LS 100,000$   100,000$              Estimate

$8,939,240
7% $625,750

1,200 HR $130.00 156,000$              $201,240
Lodging and per diem 156 DY $170.00 26,520$                
Truck 156 DY $75.00 11,700$                
Gas 2,340 GL $3.00 7,020$                  

Meetings 120 HR $175.00 21,000$                $23,700
Lodging and per diem 6 DY $170.00 1,020$                  
Vehical Rental 12 DY $65.00 780$                     
Gas 300 GL $3.00 900$                     

$9,790,000

Notes:

requirements of  40 CFR 300.430(e)(9)(G). 
2.  Source of unit costs: RSMeans CostWorks® by RSMeans Company and other sources as noted.  Unit prices include material, labor and equipment.

Stormwater piping
Stormwater catch basins (with grates)

Vapor Cap Installation

Backfill and Grading

5.  Construction oversight and meetings based on following assumptions: one full-time person (6 months, 1,200 hrs) @ $130.00 per hour; and monthly meetings (6 meetings, 20 hrs each) 120 hours @ $175 per hour

Subtotal
Contingency (rounded)
Construction oversight

TOTAL (rounded)

3.  This cost estimate is made on the basis of Amec Foster Wheeler’s judgment as experienced and qualified professionals familiar with utility construction projects.
4.  Costs do not include construction administration, QA/QC inspection and testing, flow bypassing, traffic control, and other construction items not specifically listed or anticipated in the 60% Design.

Demobilization
General Mobilization
ISS Mobilization

Stockpile Management and Placement of Excavated Material
Managing Stockpiles and on-site soil placement

In-Situ Thermal Treatment
ERH - SEE Combined

Excavation to install vapor cap
Excavation and Stockpiling

Stormwater Conveyance System

Temporary Facilities 

General Mobilization
ISTT Mobilization

Stormwater catch basins
Stormwater piping

Temporary Fencing

Selective Demolition

Fencing

Loading and Disposal of Demolished Material

Miscellaneous
Utility Pole

Concrete Slab (6" thick)

Temporary silt fence, installation and maintenance (single row)
Temporary construction entrance/exit

ALTERNATIVE 3 CAPITAL COST ESTIMATE
ISTT REMEDIATION OF THE OIA

Mobilization

Temporary Facilities and Controls

Temporary Erosion and Sediment Control Measures 

Temporary Gates

Lightweight or air-entrained concrete, 1000 psi (insulating fill)

Slurry Wall Containment
Soil bentonite slurry wall to 35 ft bgs

6.  Combined SEE-ERH costs based on volumetric weighted average of three similarly applied remedies:  1) Lawrence Livermore Nat'l Laboratory; 2) Young Rainey Star Center, Largo FL; and 3) Cape Canaveral AFS

Operations (includes sampling and analysis)

Apply 1-foot clean soil layer over the remediation area

Water Treatment 
Permitting, Mobilization and Setup

Reinstall Effectiveness Monitoring Wells
7 MWs (shallow & deep) removed during ISTT

1.  This cost estimate was prepared based on information shown on the 60% Remediation Design Drawings for Former Koppers Superfund Site dated July 23, 2015 and is considered -30% to +50% to meet

 Case studies provided in Kingston, J.T., Dahlen, P.R., Johnson, P.C., Foote, E., Williams, S., 2010.  Critical Evaluation of State-of-the-Art In Situ Thermal Treatment Technologies for DNAPL Source Zone 
Treatment.  ESTCP Project ER-0314, 1,272 pp.

Prepared By: PRP
Checked By: AM
Amec Foster Wheeler Environment & Infrastructure, Inc. Page 1 of 1
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Item Estimated Unit Subtotal Total Item
No. Description Quantity Units Cost Costs Cost Source1 Annual Cost
1. 5 EACH 1,667$     8,335$         Current monitoring costs2 8,335$             

416.75$          
8,800$             

Present Value Analysis at Discount Rate of 4% Total 30 Year O&M Cost $272,800
Year Total Cost Present Value3 Total Present Value of O&M $161,000

0 $8,800 $8,800
1 $8,800 $8,462 Prepared by: LSM 09/17/2015
2 $8,800 $8,136 Checked by: SEG 09/21/2015
3 $8,800 $7,823
4 $8,800 $7,522
5 $8,800 $7,233
6 $8,800 $6,955
7 $8,800 $6,687
8 $8,800 $6,430
9 $8,800 $6,183

10 $8,800 $5,945
11 $8,800 $5,716
12 $8,800 $5,496
13 $8,800 $5,285
14 $8,800 $5,082
15 $8,800 $4,886
16 $8,800 $4,698
17 $8,800 $4,518
18 $8,800 $4,344
19 $8,800 $4,177
20 $8,800 $4,016
21 $8,800 $3,862
22 $8,800 $3,713
23 $8,800 $3,570
24 $8,800 $3,433
25 $8,800 $3,301
26 $8,800 $3,174
27 $8,800 $3,052
28 $8,800 $2,935
29 $8,800 $2,822
30 $8,800 $2,713

Total $272,800 $160,970

Notes:
1. Source Charleston Site Expenditures table provided by Beazer, years 2008 thru 2012 and is considered -30% to +50% to meet requirements of 40 CFR 300.430(e)(9)(G).
2. Cost per well as ratio of current annual O&M costs for groundwater monitoring at the Former Koppers Company Site: $55,000/33 wells = $1667/well.  
3. All costs are in 2015 dollars

ALTERNATIVES 2 & 3 O&M COST ESTIMATE
ISS AND ISTT REMEDIATION OF THE OIA

Groundwater Monitoring
Contingency (5%)
Annual Total (rounded)I I I I I I I 
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Agency for Toxic Substances and Disease Registry (ATSDR), 2005. Toxicological Profile for 
Naphthalene, 1-Methylnaphthalene, and 2-Methylnaphthalene. Atlanta, GA: U.S. 
Department of Health and Human Services, Public Health Service. 

Amec Foster Wheeler, 2015.  Remedial Action Work Plan, Former Koppers Superfund Site, 
Charleston, SC.  Amec Foster Wheeler, Inc., February 2015. 

Black & Veatch, 1995. Final Baseline Risk Assessment, Koppers Company, Inc. Charleston 
Plant, Charleston, SC. Black & Veatch Waste Science, Inc. January 1995.  

Black & Veatch, 1996. Final Addendum to the Final Baseline Risk Assessment, Koppers 
Company, Inc. Charleston Plant, Charleston, SC. Black & Veatch Special Projects Corp. 
January 1996. 

Boring Log Compilation for Old Impoundment Area and Northwest Corner 

Dames & Moore, 1998. Soils and Sediment Pre-Design Data Collection Report for the Former 
Koppers Site, Charleston, SC. Dames & Moore Group and NewFields, Inc. August 1998. 

ENSR, 1995a. Remedial Investigation Report Former Koppers Site, Charleston, SC.  ENSR 
Consulting and Engineering, January 1995. 

ENSR, 1995b. Phase III Investigation Report Former Koppers Site, Charleston, SC.  ENSR 
Consulting and Engineering, September 1995. 

FTS, 2006. First Quarter 2006 Operations and Monitoring Report, Former Koppers Company, 
Inc. Superfund Site, Charleston, SC. Field and Technical Services, LLC. April 2006. 

FTS, 2006. Second Quarter 2006 Operations and Monitoring Report, Former Koppers 
Company, Inc. Superfund Site, Charleston, SC. Field and Technical Services, LLC. July 
2006. 

FTS, 2006. Third Quarter 2006 Operations and Monitoring Report, Former Koppers Company, 
Inc. Superfund Site, Charleston, SC. Field and Technical Services, LLC. October 2006. 

FTS, 2007. Fourth Quarter 2006 Operations and Monitoring Report, Former Koppers Company, 
Inc. Superfund Site, Charleston, SC. Field and Technical Services, LLC. March 2007. 

FTS, 2007. First Quarter 2007 Operations and Monitoring Report, Former Koppers Company, 
Inc. Superfund Site, Charleston, SC. Field and Technical Services, LLC. April 2007. 

FTS, 2007. Second Quarter 2007 Operations and Monitoring Report, Former Koppers 
Company, Inc. Superfund Site, Charleston, SC. Field and Technical Services, LLC. 
September 2007. 
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FTS, 2009. 2008 Annual Operations and Monitoring Report, Former Koppers Company, Inc. 
Superfund Site, Charleston, SC. Field and Technical Services, LLC. March 2009. 

FTS, 2010. 2009 Annual Operations and Monitoring Report, Former Koppers Company, Inc. 
Superfund Site, Charleston, SC. Field and Technical Services, LLC. March 2010. 

FTS, 2011. 2010 Annual Operations and Monitoring Report, Former Koppers Company, Inc. 
Superfund Site, Charleston, SC Field and Technical Services, LLC. January 2011. 

FTS, 2012. 2011 Annual Operations and Monitoring Report, Former Koppers Company, Inc. 
Superfund Site, Charleston, SC Field and Technical Services, LLC. March 2012 

FTS, 2013. 2012 Annual Operations and Monitoring Report, Former Koppers Company, Inc. 
Superfund Site, Charleston, SC. Field and Technical Services, LLC. March 2013. 

FTS, 2014. 2013 Annual Operations and Monitoring Report, Former Koppers Company, Inc. 
Superfund Site, Charleston, SC. Field and Technical Services, LLC. March 2014. 

FTS, 2015. 2014 Annual Operations and Monitoring Report, Former Koppers Company, Inc. 
Superfund Site, Charleston, SC. Field and Technical Services, LLC. March 2015. 

Key, 2000. Calculation Brief: Groundwater Modeling. Former Koppers Superfund Site, 
Charleston, SC. Key Environmental, Inc. October 2000. 

Key, 2000a. NAPL/Groundwater Pre-Design Activities Report. Former Koppers Superfund Site, 
Charleston, SC. Key Environmental, Inc. April 2000.  

Key, 2002. Letter Report - Summary of Field Activities Northwest Corner Area and Old 
Impoundment Area. Former Koppers Superfund Site, Charleston, SC. Key 
Environmental, Inc. October 2002.  

Key, 2003. 100% NAPL/Groundwater Remedial Design Report, Former Koppers Superfund 
Site, Charleston, SC. Key Environmental, Inc. April 2003.  

Key, 2004. First Quarter 2004 Operations and Monitoring Report, Former Koppers Company, 
Inc. Superfund Site, Charleston, SC. Key Environmental, Inc. April 2004. 

Key, 2004. Second Quarter 2004 Operations and Monitoring Report, Former Koppers 
Company, Inc. Superfund Site, Charleston, SC. Key Environmental, Inc. August 2004. 

Key, 2004. Third Quarter 2004 Operations and Monitoring Report, Former Koppers Company, 
Inc.Superfund Site, Charleston, SC. Key Environmental, Inc. November 2004. 

Key, 2005. Fourth Quarter 2004 Operations and Monitoring Report, Former Koppers Company, 
Inc. Superfund Site, Charleston, SC. Key Environmental, Inc. January 2005. 

Key, 2005. First Quarter 2005 Operations and Monitoring Report, Former Koppers Company, 
Inc. Superfund Site, Charleston, SC. Key Environmental, Inc. May 2005. 
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Key, 2005. Second Quarter 2005 Operations and Monitoring Report, Former Koppers 
Company, Inc. Superfund Site, Charleston, SC. Key Environmental, Inc. August 2005. 

Key, 2005. Third Quarter 2005 Operations and Monitoring Report, Former Koppers Company, 
Inc. Superfund Site, Charleston, SC. Key Environmental, Inc. October 2005. 

Key, 2006. Performance Evaluation Report NAPL and Groundwater Remedy, Former Koppers 
Company Inc. Superfund Site, Charleston, SC. Key Environmental, Inc. January 2006. 

Key, 2006. Fourth Quarter 2005 Operations and Monitoring Report, Former Koppers Company, 
Inc. Superfund Site, Charleston, SC. Key Environmental, Inc. January 2006. 

Key, 2006. Responses to Comments GW/DNAPL – Performance Evaluation Report, Former 
Koppers Superfund Site, Charleston, SC. Key Environmental, Inc. June 2006. 

Key, 2007. Meeting Summary and Response to Comments/Correspondence on Performance 
Evaluation Report NAPL and Groundwater Remedy, Former Koppers Company Inc. 
Superfund Site, Charleston, SC. Key Environmental, Inc. September 2007. 

Key, 2008. Letter Report Additional Old Impoundment and Former Treatment Area 
Investigation, Koppers Site, Charleston, SC. Key Environmental, Inc. July 2008.  

Kiilerich, Ole and Arvin, Erik 1996. Ground Water Contamination from Creosote Sites. 
Groundwater Monitoring & Remediation, Winter 1996: 112-117. 

Malcolm Pirnie, 2004. Comprehensive Environmental Monitoring Plan, Former Koppers 
Company Inc. Charleston Plant Site, Charleston, SC. Malcolm Pirnie, Inc. April 2004. 

Neuhauser, E. F., Ripp, J. A., Azzolina, N. A., Madsen, E. L., Mauro, D. M. and Taylor, T., 2009. 
Monitored Natural Attenuation of Manufactured Gas Plant Tar Mono- and Polycyclic 
Aromatic Hydrocarbons in Ground Water: A 14-Year Field Study. Groundwater 
Monitoring & Remediation, 29: 66–76. doi: 10.1111/j.1745-6592.2009.01244.x 

Newell, C.J., Rifai, H.S., Wilson, J.T., Connor, J.A., Aziz, J.A., and Suarez, M.P., 2002.  
Calculation and Use of First-Order Rate Constants for Monitored Natural Attenuation 
Studies.  EPA Document Number: EPA/540/S-02/500. 

Ogden, 1996. Site-Specific Baseline Ecological Risk Assessment, Former Koppers Site, 
Charleston, SC. Ogden Environmental and Energy Services Co., Inc. and ENSR 
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URS, 2003. Final Remedial Action Report, Final Remedial Action, Beazer East, Inc. Former 
Koppers Company, Charleston, SC. August 2003. 

USEPA, 1996. Soil Screening Guidance: Technical Background Document. Part 5: Chemical-
Specific Parameters.  EPA Document Number: EPA/540/R-95/128. 
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